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(54) TlUe: METHOD AND DEVICE FOR PURIFYING EXHAUST GAS OF ENGINE 



(57) Abstract 

An exhaust manifold (7) of an en- 
gine (1) is connected to a three way 
(TW) catalyst (8a), and the TW cata- 
lyst (8a) is connected to an NH3 ad- 
sorbing and oxidizing (NH3-AO) cata- 
lyst (10a). The engine (1) performs the 
lean and the rich engine operations al- 
temately and repeatedly. When the en- 
gine (1) performs the rich operation and 
thereby the exhaust gas air-fuel ratio of 
the exhaust gas flowing into the TW 
catalyst (8a) is made rich, N0» in the 
inflowing exhaust gas is convened to 
NH3 in the TW catalyst (8a). The NH3 
is then adsorbed in the NH3-AO cata- 
lyst (lOa). Next, when the engine (1) 
performs the lean operation and thereby 
the exhaust gas air-fuel ratio of the ex- 
haust gas flowing into the TW cata- 
lyst (8a) is made lean. NOi in the ex- 
hausted gas passes through the TW cat- 
alyst (Ra), and flows into the NHvAO 
catalyst (lOa). At diis time, NH3 ad- 
sorbed in the caulyst (10a) is dcsorbcd 
therefrom, and reduces the inflowing 
NO,. 
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DESCRIPTION 



Method and Device for Purifying Exhaust Gas of 
Erigi ne 

5 

TECHNICAL FIELD 

The present invention relates to a method and a 
device for purifying an exhaust gas of an engine. 
BACKGROUND ART 

10 If an air-fuel ratio of an air-fuel mixture in a 

combustion chamber of an internal combustion engine is 
referred as an engine air-fuel ratio, an exhaust gas 
purifying device for an internal combustion engine with 
multi-cylinder has been known, in which a three-way 

15 catalyst is arranged in an exhaust passage, and the 

engine air-fuel ratio is controlled to be stoichiometric 
or rich with respect to the stoichiometric air-iuel 
ratio. If the engine air-fuel ratio is made lean with 
respect to the stoichiometric air-fuel ratio, the three 

20 way catalyst does not purify nitrogen oxides NO.^ in the 
exhaust gas sufficiently, and thus the NO, is emitted to 
the ambient air. Accordingly, the exhaust gas purifying 
device mentioned above makes the engine air-fuel ratio 
stoichiometric or rich, to thereby purify NO^, at the 

25 three-way catalyst, as much as possible. 

On the other hand, a lower fuel consumption rate is 
desirable, and thus it is desirable to make the engine 
air-fuel ratio as lean as possible. However, if the 
engine air-fuel ratio is made lean, the above-mentioned 

30 exhaust gas purifying device cannot purify NO, 

sufficiently. To solve this problem, Japanese Unexamined 
Patent Publication No. 4-365920 discloses an exhaust gas 
purifying device for an internal combustion engine with 
multi-cylinders, the engine having first and second 

35 cylinder groups. The purifying device is provided with; 
an engine operation control device to continuously make 
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cJownstream of the exhaust gas portion forming means, the 

synthesizing catalyst synthesizing NH, from at least 
d part of NO, in the inflowing exhaust gas when the 
exhaust gas air-fuel ratio of the inflowing exhaust gas 
is rich, and passing NO, in the inflowing exhaust gas 
therethrough when the exhaust gas air-fuel ratio of the 
inflowing exhaust gas is lean; and an exhaust gas 
purifying catalyst arranged in the exhaust passage 
downstream of the NH, synthesizing catalyst, the exhaust 
gas purifying catalyst comprising at least one selected 
from the group consisting of an NH^ adsorbing and 
oxidizing (NH3-AO) catalyst and a NO, occluding and 
reducing (NO,-OR) catalyst, the NH,-AO catalyst adsorbing 
NH, in the inflowing exhaust gas therein, and desorbing 
15 the adsorbed NH3 therefrom and oxidizing the NH3 when the 

NH3 concentration in the inflowing exhaust gas becomes 
lower, and the NO,-OR catalyst occluding NO, in the 
inflowing exhaust gas therein when the exhaust gas 
air-fuel ratio of the inflowing exhaust gas is lean, and 
releasing the occluded NO, therefrom and reducing the NO, 
when the exhaust gas air-fuel ratio of the inflowing 
exhaust gas is rich. 

The present invention may be more fully understood 
from the description of preferred embodiments of the 
25 invention set forth below, together with the accompanying 
drawings . 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a general view of an internal combustion 
engine; Fig. 2A illustrates a characteristic of a 
three-way catalyst; Fig, 2B illustrates a variation of a 
NO^ amount exhaust from the engine with an engine 
air-fuel ratio; Fig. 3 schematically illustrates a method 
for purifying the exhaust gas according to the present 
invention; Figs. 4A and 43 schematically illustrate the 
35 exhaust gas purifying method in the engine shown in 
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the target air-fuel ratio; Fig. 31 is a flow chart for 
controlling the ignition timing in the einbodinient shown 
in Fig. 26; Fig. 32 is a general view of an engine, 
according to a further another embodiment; Fig. 33 is a 
general view of an engine, according to a further another 
embodiment; Figs. 34A and 34B is an illustration for 
explaining the NO^ occluding and reducing mechanism of 
the NO^ occluding and reducing catalyst; Figs. 35A 
and 35B schematically illustrate the exhaust gas 
purifying method in the engine shown in Fig. 33; 
Figs. 36A and 36B are diagrams illustrating the NO^ 
amount released from the NO, occluding and reducing 
catalyst per unit time; Fig. 37 is a diagram illustrating 
the temperature of the exhaust gas; Fig. 38A is a flow 
15 chart for controlling the engine operation period in the 

engine shown in Fig. 33; Fig. 38B is a time chart for 
explaining the exhaust gas purifying method in the engine 
shown in Fig. 33; Fig. 39 is a general view of an engine, 
according to further another embodiment; Figs. 40A and 
20 40B schematically illustrate the exhaust gas purifying 

method in the engine shown in Fig. 39; Figs. 41A and 41B 
illustrate other embodiments of the structure of the 
exhaust gas purifying catalyst, respectively; Fig. 42 is 
a general view of an engine according to a further 
25 another embodiment; Fig. 43A is a time chart for 

explaining the exhaust gas purifying method in the engine 
shown in Fig. 42; Fig. 43B schematically illustrates the 
variation in the exhaust gas air-fuel ratio along the 
exhaust passage; Figs. 44 and 45 are flow charts for 
30 calculating the fuel injection times of the engine and 
the auxiliary engine; Fig. 46 is a general view of the 
engine, according to a further another embodiment; 
Fig. 47 is a time chart for explaining the exhaust gas 
purifying method in the engine shown m Fig. 46; Fig. 48 
^5 is a general view of the engine, according to a further 
another embodiment; and Fig. 49 is a time chart for 
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explaining the exhaust gas purifying method in the engine 
shown in Fig. 48. 

BEST MODE FOR CARRYING OUT THE INVENTION 
In general, nitrogen oxides NO^ includes nitrogen 
5 monoxide NO, nitrogen dioxide NO^, dinitrogen tetraoxide 

NjO^, dinitrogen monoxide N;0, etc. The following 
explanation is made referring NO^ mainly as nitrogen 
monoxide NO and/or nitrogen dioxide NOp , but a method and 
a device for purifying an exhaust gas of an engine 
10 according to the present invention can purify the other 

nitrogen oxides. 

Fig. 1 shows the case where the present invention is 
applied to an internal engine of the spark ignition type. 
However, the present invention may be applied to a diesel 
15 engine. Also, the engine shown in Fig. 1 is used for an 
automobile, for example. 

Referring to Fig. 1, an engine body 1, which is a 
spark-ignition type engine, has four cylinders, : e., a 
first cylinder #1, a second cylinder #2, a third 
20 cylinder #3, a fourth cylinder #4. Each cylinder #1 
to #4 is connected to a common surge tank 3, via a 
corresponding branch 2, and the surge tank 3 is connected 
to a air-cleaner (not shown) via an intake duct 4. In 
each branch 2, a fuel injector 5 is arranged to feed 
25 fuel, such as gasoline, to the corresponding cylinder. 

Further, a throttle valve 6 is arranged in the intake 
duct 4, an opening of which becomes larger as the 
depression of the acceleration pedal (not shown) becomes 
larger. Note that the fuel injectors 5 are controlled in 
30 accordance with the output signals from an electronic 
control unit 20. 

On the other hand, each cylinder is connected to a 
common exhaust manifold 7, and the exhaust manifold 7 is 
connected to a catalytic converter 9 housing an NH, 
35 synthesizing catalyst 8 therein. The catalytic 

converter 9 is then connected to a muffler 10 housing an 



10 



exhaust gas purifying catalyst 10 therein. Ttie 
muffler 10 is then connected to a catalytic converter ij 
housing an NH, pura lying catalyst 12 therein. Further, 
as shown in Fig. 1, a secondary air supplying device 14 
is arranged in the exhaust passage between the muffler 11 
and the catalytic converter 13, for supplying a secondary 
air to the NH3 purifying catalyst 12, and is controlled 
in accordance with the output signals from the electronic 
control unit 20. Further, each cylinder #1 to #4 is 
provided with a spark plug 15, which is controlled in 
accordance with the output signals from the electronic 
control unit 20. 

The electronic control unit 20 comprises a digital 
computer and is provided with a ROM {read only 
15 memory) 22, a RAM (random access memory) 23, a CPU (micro 

processor) 24, an input port 25, and an output port 26, 
which are interconnected by a bidirectional bus 21. 
Mounted in the surge tank 3 is a pressure sensor 27 
generating an output voltage proportional to a pressure 
in the surge tank 3. The output voltage of the sensor 27 
is input via an AD converter 28 to the input port 25. 
The intake air amount Q is calculated in the CPU 24 on 
the basis of the output signals from the AD converter 28. 
Further, mounted in the collecting portion of the exhaust 
25 manifold 7 is an upstream side air-fuel ratio sensor 29a 
generating an output voltage proportional to an exhaust 
gas air-fuel ratio, explained hereinafter, of the exhaust 
gas flowing through the collecting portion of the exhaust 
manifold 7. The output voltage of the sensor 29a is 
input via an AD converter 30a to the input port 25. 
Mounted in the exhaust passage between the catalytic 
converter 9 and the muffler 11 is a downstream side 
air-fuel ratio sensor 29b generating an output voltage 
proportional to the exhaust gas air-fuel ratio of the 
35 exhaust gas flowing in that exhaust passage, that is, 
exhausted from the NH3 synthesizing catalyst 8. The 



20 



30 



wo Q7/17S32 



PC r/jr96/0J2 h 





output voltage of thf? sensor 29b is input via an AL) 
converter 30b to the input port 25. Further, connected 
to the input port 25 is a crank angle sensor 3 1 
generating an output pulse whenever the crank shaft of 
5 the engine 1 turns by, for example, 30 degrees. The 

CPU 24 calculates the engine speed N in accordance with 
the pulse. On the other hand, the output port 26 is 
connected to the fuel injectors 5, the spark plugs 15, 
and the secondary supplying device 14, via corresponding 
10 drive circuits 32. 

In the embodiment shown in Fig. 1, the NH3 
synthesizing catalyst 8 is comprised of a three-way 
catalyst 8a, which is samply expressed as a TW catalyst, 
here. The TW catalyst 8a is comprised of precious metals 
15 such as palladium Pd, platinum Pt , and rhodium Rh , 

carried on a layer of, for example, alumina, formed on a 
surface of a substrate. 

Fig. 2A illustrates the purifying efficiency of the 
exhaust gas of the TW catalyst 8a. If a ratio of the 
20 total amount of air fed into the intake passage, the 

combustion chamber, and the exhaust passage upstream of a 
certain position in the exhaust passage to the total 
amount of fuel fed into the intake passage, the 
combustion chamber, and the exhaust passage upstream of 
25 the above-mentioned position is referred to as an exhaust 
gas air-fuel ratio of the exhaust gas flowing through the 
certain position, Fig. 2A shows that the TW catalyst 8a 
passes the inflowing NO^ therethrough when the exhaust 
gas air-fuel ratio of the inflowing exhaust gas is lean 
30 with respect to the stoichiometric air-fuel ratio (A/F)S, 
which is about 14,6 and the air-excess ratio A = 1.0, and 
the TW catalyst 8a synthesizes NH3 from a part of the 
inflowing NO, when the exhaust gas air-fuel ratio of the 
inflowing exhaust gas is rich. The NH, synthesizing 
35 function of the TW catalyst 8a is unclear, but it can be 



considered that some of NO^^ in the exhaust gas of which 
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the exhaust gas air-fuel ratio is rich is converted to 
Nf!, according to the following reactions (]) and (2), 
that is: 

5H, t 2N0 - 2NH, + ?H,0 ^ 1 ^ 

5 7H, + 2N0, - 2NH, + 4H,0 ^2) 

On the contrary, it is considered that the other NO, 
IS reduced to the nitrogen N, according to the following 
roactions (3) to (6), that is: 

2C0 + 2N0 - N, + 2C0, 

2H? + 2N0 - N? + 2H2O ^4 J 

4C0 4 2m, - N, + 4C0, 

4H, ^ 2N0; ^ N, + 4H:,0 
Accordingly, NO, flowing in the TW catalyst 8a is 
converted to either NH, or N, when the exhaust gas 
15 air-fuel ratio of the inflowing exhaust gas is rich, and 
thus NO^ is prevented from being discharged froin the TW 
catalyst 8d. 

As shown in Fig. 2A, an efficiency ETA of the NH, 
synthesizing of the TW catalyst 8a becomes larger as the 
exhaust gas air-fuel ratio of the inflowing exhaust gas 
becomes smaller or richer from the stoichiometric 
air-fuel ratio (A/F)S, and is kept constant when the 
exhaust gas air-fuel ratio of the inflowing exhaust gas 
becomes even smaller. In the example shown in Fig. 2A, 
the NH3 synthesizing efficiency ETA is kept constant when 
the exhaust gas air-fuel ratio of the inflowing exhaust 
gas equals or is smaller than about 13.8, where the 
air-excess ratio A is about 0.95). 

On the other hand, the NO^ amount exhausted from 
each cylinder per unit time depends on the engine 
air-fuel ratio, as shown in Fig. 7b. in particular, the 
exhausted NO, amount becomes smaller as the engine 
air-fuel ratio becomes smaller when the engine air-fuel 
ratio is rich. Therefore, considering the synthesizing 
efficiency ETA, the Nfi^ amount synthesized rn the TW 
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catalyst 8a pf^r unit time reaches the niaximum amount 
thereof when the exhaust gas air-fuel ratio of the 
inflowing exhaust gas is about 13.8, if the exhaust gas 
air-fuel ratio of the inflowing exhaust gas conforms to 
5 the engine air- fuel ratio. 

Note that, in the engine shown in Fig. 1, it is 
desired to synthesize NH, in as large amount as possible, 
when the exhaust gas air-fuel ratio of the exhaust gas 
flowing the TW catalyst 8a is rich, because of the 

10 reasons described below. Accordingly, a TW catalyst 

carrying palladium Pd or cerium Ce is used as the TW 
catalyst 8a. In particular, a TW catalyst carrying 
palladium Pd can also enhance a HC purifying efficiency, 
when the exhaust air-fuel ratio of the inflowing exhaust 

15 gas is rich. Further, note that a TW catalyst carrying 

rhodium Rh suppresses an NHj synthesizing therein, and a 
TW catalyst without rhodium Rh is desired used as the TW 
catalyst 8a. 

On the other hand, in the embodiment shown in 

20 Fig. 1, the exhaust gas purifying catalyst 10 is 

consisted of an NH^ adsorbing and oxidizing catalyst 10a, 
which is simply expressed as a NH3-AO catalyst. The 
NH3-AO catalyst 10a is comprised of a so-called zeolite 
denitration catalyst, such as zeolite carrying copper Cu 

25 thereon, zeolite carrying copper Cu and platinum Ft 

thereon, and zeolite carrying iron Fe thereon, which is 
carried on a surface of a substrate. Alternatively, the 
NH3-AO catalyst lOa is comprised of solid acid such as 
zeolite, silica, silica-alumina, and titania, carrying 

30 the transition metals such as iron Fe and copper Cu or 
precious metals such as palladium Pd, platinum Pt and 
rhodium Rh . 

The NHtAO catalyst 10a adsorbs NHj in the inflowing 
exhaust gas, and desorbs the adsorbed NH, when the NH^ 
35 concentration in the inflowing exhaust gas becomes lower, 
or when the inflowing exhaust gas includes NO^ . At this 
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time, if the NH3-AO catalyst 10a is under the oxidizing 
atmosphere, that is, if the exhaust gas air-fuel ratio of 
the inflowing exhaust gas is lean, the NH^-AO 
catalyst 10a oxidizes all of Nfi, desorbed therefrom. 
Also, if the inflowing exhaust gas includes both of m\, 
and NO,, the NH,-AO catalyst 10a oxidizes by NO,. In 

these cases, the NH3 oxidizing function has a portion 
which has been unclear, but it can be considered that the 
N[i3 oxidation occurs according to the following 
reactions (7) to (10), that is: 

4NH3 + 70;, - 4NO2 + 6H,0 ( 7j 

4NH3 + 50, - 4N0 + 6H?0 

8NHj + 6N0? - 12H;0 + 7N^, (9^ 
4NH3 + 4N0 + O;, 6HpO + 4N; (iQ) 
The reactions (9) and (10), which are denitration, reduce 
both of NO, produced in the oxidation reactions {7} and 
(8), ana NO, in the exhaust gas flowing m the NH3-AO 
catalyst 10a. 

It has been found, by experiment, that the NH3-AO 
catalyst 10a of this embodiment performs good oxidation 
and denitration when the temperature of the inflowing 
exhaust gas is about 300 to 500°C. On the other hand, in 
general, the temperature of the exhaust gas passing 
through the muffler 11 is about 300 to 500°C. Therefore, 
in this embodiment, the NH3-AO catalyst 10a ts arranged 
in the muffler 11 to thereby ensure the good performance 
of the NH3-AO catalyst 10a. 

The NH3 purifying catalyst 12 is comprised of 
transition metals such as iron Fe and copper Cu, or 
precious metals such as palladium Pd, platinum Pt , and 
rhodium Rh, carried on a layer of, for example, alumina, 
formed on a surface of a substrate. The NH^ purifying 
catalyst 12 purifies or resolves NH3 in the inflowing 
exhaust gas, if the catalyst 12 is under the oxidizing 
atmosphere, that is, if the exhaust gas air-fuel ratio of 
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thp inflowing exhaust gas is leein. In this case, it is 
considered that the oxidation and denitration 
reactions (7} to (10) mentioned above occur in the 
catalyst 12 and thereby NHj is purified or resolved. In 
5 this embodiment, basically, the NH; amount exhausted from 

the NHt-AO catalyst 10a is kept zero, but the NH , 
purifying catalyst 12 prevents NHt from being emitted to 
the ambient air, even if NH3 is discharged from the 
NH3-AO catalyst 10a without being purified. 
10 In the engine shown in Fig. 1, the fuel injection 

time TAU is calculated using the following equation: 

TAU - TB ■ ((A/F)S / (A/F)T) • FAF 
TB represents a basic fuel injection time suitable tor 
making the engine air-fuel ratio of each cylinder equal 
15 to the stoichiometric air-fuel ratio {A/F)S, and is 
calculated using the following equation: 

TB = (Q / N) • K 
where Q represents the intake air amount, N represents 
the engine speed, and K represents a constant. 
20 Accordingly, the basic fuel injection time TB is a 

product of an intake air amount per unit engine speed, 
and the constant, 

(A/F)T represents a target value for the control of 
the engine air-fuel ratio. When the target value {A/F)T 
25 is made larger to make the engine air-fuel ratio lean 

with respect to the stoichiometric air-fuel ratio, the 
fuel injection time TAU is made shorter and thereby the 
fuel amount to be injected is decreased. When the target 
value (A/F)T is made smaller to make the engine air-fuel 
30 ratio rich with respect to the stoichiometric air-fuel 

ratio, the fuel injection time TAU is made longer and 
thereby the fuel amount to be injected is increased. 

FAF represents a feedback correction coefficient for 
making the actual engine air-fuel ratio equal to the 
35 target value {A/F)T. The feedback correction coefficient 
FAF is determined on the basis of the output signals from 



wo *^7/I7532 



-14- 



PC Ty.IP96/0320? 



the upstream side air-tuei ratio sensor 29d, mainly. The 
exhaust gas air-fueJ ratio of the exhaust gas flowing 
through the exhaust mariifold 7 and detected by the 
upstream side air-fuel ratio sensor 29a conforins to the 
engine air-fuel ratio. when the exhaust gas air-fuel 
ratio detected by the upstream side sensor 29a is lean 
with respect to the target value (A/F)T, the feedback 
correction coefficient FAF is made larger and thereby the 
fuel amount to be injected is increased. When the 
exhaust gas air-fuei ratio detected by the sensor 29a is 
rich with respect to the target value (A/F)T, FAF is made 
smaller and thereby the fuel amount to be injected is 
decreased. In this way, the actual engine air-fuel ratio 
is made equal to the target value {A/F)T. Note that the 
feedback correction coefficient FAF fluctuates 
around 1.0. 

Contrarily, the downstream side air-fuel ratio 
sensor 29b is for compensating for the deviation of the 
engine air-fuel ratio from the target value (A/F)T due to 
the deterioration of the upstream side sensor 29a. For 
the upstream side and the downstream side sensors 29a 
and 29b, an air-fuel ratio sensor generating an output 
voltage which corresponds to the exhaust gas air-fuel 
ratio over a broader range of the exhaust gas air-fuel 
ratio may be used, while a Z-output type oxygen 
concentration sensor, of which an output voltage varies 
drastically when the detecting exhaust gas air-fuel ratio 
increases or decreases across the stoichiometric air-fuel 
ratio, may also be used. Note that the downstream side 
sensor 29b may be arranged in the exhaust passage between 
the exhaust gas purifying catalyst 10 and the secondary 
air supplying device 14, alternatively. Further, the 
deterioration of the catalyst(s) located between the two 
sensors 29a and 29b may be detected on the basis of the 
output signals from the sensors 29a and 29b. 

In the engine shown in Fig. l, there is no device 
for supplying secondary fuel or secondary air in the 
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exhaust passage, other than the secondary air supplying 
device 14. Thus, the engine air-fuel ratio in the 
exhaust passage upstream of the secondary air supplying 
device 14 conforins to the engine air-fuel ratio. In 
5 other words, the exhaust gas air-fuel ratjo of the 

exhaust gas flowing in the TW catalyst 8a conforms to the 
engine air-fuel ratio, and the exhaust gas air-fuej ratio 
of the exhaust gas flowing in the exhaust gas purifying 
catalyst 10 also conforms to the engine air-fuel ratio. 
10 Contrarily, in the exhaust passage downstream of the 
secondary air supplying device 14, the exhaust gas 
air-fuel ratio conforms to the engine air-fuel ratio when 
the supply of the secondary air is stopped, and is made 
lean with respect to the engine air-fuel ratio when the 
15 secondary air is supplied. 

Next, the exhaust gas purifying method in the engine 
shown in Fig. 1 will be explained with reference to 
Fiqs. 3, 4A, and 4B. 

In the engine shown in Fig. 1, an exhaust gas 
20 portion of which the exhaust gas air-fuel ratio is lean, 
and an exhaust gas portion of which the exhaust gas 
air-fuel ratio is rich, are formed from the exhaust gas 
of the engine 1, alternately and repeatedly. Then, the 
exhaust gas portions are introduced to, in turn, the TW 
25 catalyst 8a, the exhaust gas purifying catalyst 10, and 
the NH3 purifying catalyst 12. In other words, the 
exhaust gas air-fuel ratio of the exhaust gas flowing the 
catalysts 8a and 10a is made lean and rich alternately 
and repeatedly, as shown in Fig. 3. When the exhaust gas 
30 air-fuel ratio of the inflowing exhaust gas is made rich, 
the TW catalyst 8a converts NO^ m the inflowing exhaust 
gas to NH3 or N2, as shown in Fig. 4A, according to the 
above-mentioned reactions (!) and (2). The NHj 
synthesized in the TW catalyst 8a then flows into the 
35 NH3-AO catalyst 10a, At this time, the concentration of 
NHj in the inflowing exhaust gas is relatively high, and 
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thus almost all of NH, in the inflowing exhaust gas is 
adsorbed in the NH^-AO catalyst 10a. Even though NH3 
flows out the NH^-AO catalyst 10a without being adsorbed, 
the NH, then flows into the NH, pur: tying catalyst 12 and 
is purified or oxidized, because the catalyst 12 is kept 
under the oxidizing atmosphere by the secondary air 
supplying device 14. In this way, NH, is prevented from 
being emitted to the ambient air. 

Contrarily, when the exhaust gas air-fuel ratio of 
the inflowing exhaust gas is made lean, the TW 
catalyst 8a passes the inflowing NO, therethrough, as 
shown m Fig. 4D, and the NO, then flows into the NH,-AO 
catalyst 10a. At this time, the NH3 concentration in the 
inflowing exhaust gas is substantially zero, and thus NH^ 
15 is desorbed from the NH^-AO catalyst 10a. At this time, 

the NH3-AO catalyst 10a is under the oxidizing 
atmosphere, and thus the desorbed NHj acts as a reducing 
agent, and reduces and purifies NO^ in the inflowing 
exhaust gas, according to the above-mentioned 
reactions (7) to (10). Note that, even if the NH^ amount 
desorbed from the NH,i-AO catalyst 10a exceeds over the 
amount required for reducing the inflowing NO,, the 
excess NH, is purified or resolved in the NH3-AO 
catalyst 10a or the NH3 purifying catalyst 12. 
25 Accordingly, NH3 is prevented from being emitted to the 
ambient air. Note that, in this case, the secondary air 
is unnecessary. 

As mentioned above, NO^ exhausted from the engine is 
reduced to or adsorbed in the NH3-AO catalyst 10a in 
the form of NH3 when the exhaust gas air-fuel ratio of 
the exhaust gas flowing into the catalysts 8a and 10a is 
rich, and is reduced to N, by NH, desorbed from the NH^-AO 
catalyst 10a when the exhaust gas air-fuel ratio of the 
exhaust gas flowing into the catalysts 8a and 10a is 



wo 9 //I f^M 



PCT/JP96/'03:05 



lean. Accordingly, NO^ is prevented from being emitted 
to the ambient air, regardless whether the exhaust gas 
air-fuel ratio of the exhaust gas flowing into the 
catalysts 8a and 10a is rich or lean. 
5 Note that, as mentioned above, it is desired that 

the NH3 purifying catalyst 12 is kept under the oxidizing 
atmosphere to ensure good NH3 purification. In this 
embodiment/ the secondary air supplying device 14 
supplies the secondary air to make the exhaust gas 
10 air-fuel ratio of the exhaust gas flowing into the NH^ 

purifying catalyst 12 equal to about 15.3 (A = 1.05). 

As long as the exhaust gas air-fuel ratio of the 
exhaust gas flowing into the TW catalyst 8a is kept lean, 
unburned hydrocarbon HC and/or carbon monoxide, etc. in 
15 the inflowing exhaust gas are oxidized and purified at 

the TW catalyst 8a. Contrarily, when the exhaust gas 
air-fuel ratio of the inflowing exhaust gas is rich, 
there may be the case where the HC and/or the CO passes 
through the TW catalyst 8a and the NH3-AO catalyst 10a. 
20 However, the HC and/or the CO then flows into the NH3 
purifying catalyst 12 and are oxidized and purified 
sufficiently, because the catalyst 12 is kept under the 
oxidizing atmosphere, as mentioned above. 

To form the exhaust gas portions of which the 
25 exhaust gas air-fuel ratios are lean and rich 

respectively, there may be provided a secondary air 
supplying device for supplying the secondary air in, for 
example, the exhaust manifold 7. In this case, while the 
engine air-fuel ratio is kept rich, the supply of the 
30 secondary air is stopped to thereby form the exhaust gas 
portion of which exhaust gas air-fuel ratio is rich, and 
the secondary air is supplied to thereby form the exhaust 
gas portion of which exhaust gas air-fuel ratio is lean. 
Or, there may be provided a secondary fuel supplying 
35 device for supplying the secondary fuel in, for example, 
the exhaust manifold 7. In this case, while the engine 
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air-fuel ratio is kepL lean, the supply of the secondary 
tuel is stopped to thereby form the exhaust gas portion 
of which exhaust gas air-fuei ratio is lean, and the 
secondary fuel is supplied to thereby form the exhaust 
gas portion of which exhaust gas air-fuel ratio is rich. 

However, as mentioned above, the exhaust gas 
air-fuel ratio of the exhaust gas flowing into the 
catalysts Ba and 10a conforms to the engine air-fue] 
ratio, in the engine shown in Fig. 1. Therefore, the 
engine air-fuel ratio is controlled to be lean and rich 
alternately and repeatedly to thereby make the exhaust 
gas air-fuel ratio of the exhaust gas flowing into the 
catalysts 8a and 10a lean and rich alternately and 
repeatedly. Namely, the engine 1 operates in a lean 
engine operation in which the engine air-fuel ratio is 
lean to thereby make the exhaust gas air-fuel ratio of 
the exhaust gas flowing into the catalysts Ba and 10a 
leaii, and the engine 1 operates in a rich engine 
operation in which the engine air-fuel ratio is rich to 
thereby make the exhaust gas air-fuel ratio of the 
exhaust gas flowing into the catalysts 8a and 10a rich, 
and the engine 1 operates in the lean and rich engine 
operations alternately and repeatedly. 

In other words, NO, exhausted from the engine 1 is 
purified sufficiently and is prevented from being emitted 
to the ambient air, by the engine operating the lean and 
rich engine operations alternately and repeatedly. 

If a target value of the exhaust gas air-fuel ratio 
of the exhaust gas flowing into the catalysts 8a and 10a 
is referred to as a target air-fuel ratio (A/F)T, the 
actual exhaust gas air-fuel ratio of the exhaust gas 
flowing into the catalysts 8a and 10a is made equal to 
the target air-fuel ratio (A/F)T, by making the target 
value of the engine air-fuel ratio equal to the target 
air-fuel ratio (A/F)T. Therefore, in the embodiment, the 
target value of the engine air-fuel ratio is conformed to 
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thR target air-fuel ratio {A/F)T. The target air-fuel 
ratio (A/F}T is made equal to a lean air-fuel ratio 
{A/F)L which is lean with respect to the stoichioinet ric 
air-fuel ratio (A/F)S, and equal to a rich air-fue] ratio 
5 {A/F)R which is rich with respect to the s toichiome t ric: 

air-fuel ratio (A/F)S, alternately and repeatedly, to 
thereby make the exhaust gas air-fuel ratio of the 
exhaust gas flowing into the catalysts 8a and 10a lean 
and rich alternately and repeatedly. Note that, i f an 

10 engine operation period during which the engine performs 
the lean engine operation is referred as a lean operation 
period TL, and if an engine operation period during which 
the engine performs the rich engine operation is referred 
as a rich operation period TR, one lean operation period 

15 TL and one rich operation period TR, next to each other, 

form a cycle. 

The lean air-fuel ratio (A/F)L and the rich air-fuel 
ratio (A/F)R may be determined in accordance with the 
engine operating condition, respectively. However, in 

20 the present embodiment, the lean air-fuel ratio (A/F)L is 

set constant at about 25.0, and the rich air-fuel ratio 
(A/F)R is set constant at about 13.8, regardless the 
engine operating condition. Therefore, the target 
air-fuel ratio (A/F)T is made equal to about 25.0 when 

25 the lean engine operation is to be performed, and is made 
equal to about 13.8 when the rich engine operation is to 
be performed. 

If the air-fuel mixture spreading over the entire 
combustion chamber uniformly is formed when the engine 

30 air-fuel ratio is very lean, such as 25.0, the spark 

plug 15 cannot ignite the air-fuel mixture, because the 
air-fuel mixture is very thin, and misfiring may occur. 
To solve this, in the engine shown in Fig. 1, an 
ignitable air-fuel mixture is formed in a restricted 

35 region in the combustion chamber and the reminder is 

filled with only the air or only the air and the EGR gas, 
and the air-fuel mixture is ignited by the spark plug 15, 
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when the lean engine operation is to be performed. This 
prevents the engine from misfirmq, even though the 
engine air-fuel ratio ib very lean. Alternatively, the 
misfiring may be prevented by forming the swirl flow in 
the combustion chamber, while forming the uniform 
air-fuel mixture in the combustion chamber. 

As mentioned at the beginning, a lower fuel 
consumption rate is desired, and thus it is desired to 
make the lean operation period TL as long as possible, 
and to make the rich operation period TR as short as 
possible. In particular, it is preferable that TL/TR is 
equal to or larger than 3, for the lesser fuel 
consumption rate. However, as the lean operation period 
TL becomes longer, the NH^ amount desorbed from the 
NH,-AO catalyst 10a becomes smaller. Thus, a longer lean 
operation period TL may lead to a lack of NH3 for 
purifying NO, in the NH,-AO catalyst 10a, and to the emit 
NO, to the ambient air without reduction. To solve this, 
in this embodiment, an NH3 amount adsorbed in the NH3-AO 
catalyst 10a S{my) is obtained by obtaining an NH, 
amount desorbed from the NH3-AO catalyst 10a during the 
lean engine operation, and the lean engine operation is 
stopped and the rich engine operation starts when the 
adsorbed NH3 amount S(NH3) becomes smaller than a 
predetermined minimum amount MIN{NH3). This prevents NO^ 
flowing into the NH3-AO catalyst 10a from being emitted 
to the ambient air without being reduced. 

On the other hand, the shorter rich operation period 
is preferable. However, if the rich operation period TR 
is made too short, the adsorbed NH, amount S(NHO may be 
smaller than that required for the sufficient reduction 
of NOx; and thereby NO, may be discharged without being 
reduced when the NO, amount inflowing the NHi-AO 
catalyst lOa increases drastically. Further, too short a 
rich operation period may lead to frequent changes in the 
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target air-fuel ratio (A/F)T between the lean and rich 
air-fuel ratios, and thus an undesired deterioration of 
the drivdbility may occur. However, if the rich 
operation period TR becomes longer, the NH^-AO catalyst 
10a is saturated with NH^, and a large amount of NH, is 
discharged therefrom. To solve tliis, in this embodiment, 
the NH3 amount adsorbed in the NHt-AO catalyst 10a during 
the rich engine operation is obtained to thereby obtain 
the adsorbed NH3 amount SfNHj), and the rich engine 
operation is stopped and the lean engine operation is 
started when the adsorbed NH3 amount S ( NH3 ) becomes 
larger than a maximum amount MAX{NOx), which is 
determined in accordance with the adsorbing capacity of 
the NHi-AO catalyst 10a. In this way, the lean and the 
rich operation periods TL and TR are determined in 
accordance with the adsorbed NH, amount S{NH,) of the 
NH3-AO catalyst 10a, in the present embodiment . 

It is difficult to directly find the adsorbed NH3 
amount in the NH3-AO catalyst 10a. Therefore, in this 
embodiment, the adsorbed NH3 amount is estimated on the 
basis of the NH3 amount synthesized in the TW catalyst 8a 
or flowing into the NH3-AO catalyst 10a. In this case, a 
sensor for detecting the NH3 amount flowing into the 
NH3-AO catalyst 10a may be arranged in the exhaust 
passage between the TW catalyst 8a and the NH3-AO 
catalyst 10a. However, in the embodiment, considering 
the applicability, the synthesized NH3 amount is 
estimated on the basis of the NO^ amount flowing into the 
TW catalyst 8a, and then the adsorbed NH3 amount is 
estimated on the basis of the synthesized NH, amount. 
That is, the synthesized NH3 amount per unit time becomes 
larger as the NO,, amount flowing into the TW catalyst 8a 
per unit time becomes larger. Also, the synthesized NH3 
amount per unit time becomes larger as the synthesizing 
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efficiency ETA becomes higher. 

On the other hand, the NO, amount exhausted from the 
engine per unit time becomes larger as the engine speed N 
becomes higher, and thus the NO, amount flowing into the 
TW catalyst 8a per unit time becomes larger. Also, the 
exhaust gas amount exhausted from the engine becomes 
larger and the combustion temperature becomes higher as 
the engine load Q/N {the intake air amount Q / the engine 
speed N) becomes higher, and thus the NO, amount flowing 
into the TW catalyst 8a per unit becomes larger as the 
engine load Q/N becomes higher. 

Fig. 6A illustrates the relationships, obtained by 
experiments, between the NO, amount exhausted from the 
engine per unit time Q(NOJ, the engine load Q/N, and the 
15 engine speed N, with a constant lean or rich air-fuel 

ratio (A/F)L or (A/F)R. In Fig. 6A, the curves show the 
identical NO, amount. As shown in Fig. 6A, the exhausted 
NO^ amount Q(NOJ becomes larger as the engine load Q/N 
becomes higher, and as the engine speed N becomes higher. 
Note that the exhausted NO, amount Q(NOJ is stored in 
the ROM 22 in advance in the form of a map as shown in 
Fig. 6B. 

The synthesizing efficiency ETA varies in accordance 
with the temperature TTC of the exhaust gas flowing into 
25 the TW catalyst 8a, which represents the temperature of 
the TW catalyst 8a. That is, as shown in Fig. 7, the 
synthesizing efficiency ETA becomes higher as the exhaust 
gas temperature TTC becomes higher when TTC is low, and 
becomes lower as TTC becomes higher when TTC is high, 
with the constant rich air-fuel ratio (A/F)R. The 
synthesizing efficiency ETA is stored in the ROM 22 in 
advance in the form of a map as shown in Fig. 7. 

Note that the exhausted NO^ amount from the engine 
per unit time Q(N0J varies in accordance with the engine 
35 air-fuel ratio, as described above with reference to 

Fig. 2B. Therefore, if the lean or rich air-fuel ratio 
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(A/F)L, (A/F}R is changed in accordance with, for 
example, the engine operating condition, the exhausted 
NO^ amount Q(NOx) obtained by the map shown in Fiq. 6B 
must be corrected on the basis of the actual lean or rich 
b air-fuel ratio {A/F)L, (A/F)R. Further, the synthesizing 

efficiency ETA also varies in accordance with the exhaust 
gas air-fuel ratio of the exhaust gas flowing into the TW 
catalyst 8a, that is, the rich air-fuel ratio (A/F)H, as 
shown in Fig. 2A. Therefore, if the rich air-fuel ratio 
10 (A/F)R IS changed in accordance with, for example, the 

engine operating condition, the synthesizing efficiency 
ETA obtained by the map shown in Fig. 7 is also required 
to be corrected on the basis of the actual rich air-fuel 
ratio {A/F)R. 

15 The product of Q(Naj calculated using the engine 

load Q/N and the engine speed N and the synthesizing 
efficiency ETA calculated using the exhaust gas 
temperature TTC represents the NHt amount flowing into 
the NH3-AO catalyst 10a per unit time. Accordingly, 
20 during the rich engine operation, the NH3 amount adsorbed 
in the NH3-AO catalyst 10a is calculated using the 
following equation: 

SfNHj) = S(NH3) + Q(NOJ • ETA • DELTAa 
where DELTAa represents the time interval of calculation 
25 of Q(NO,) and ETA. Thus, Q(NO,) • ETA • DELTAa 

represents the NH3 amount adsorbed in the NHi-AO 
catalyst lOa from the last calculation of Q(NOO and ETA 
until the present calculation. 

Fig. 8A illustrates the NHj amount DINH^) desorbed 
30 from the NH3-AO catalyst 10a per unit time, when the 
exhaust gas air-fuel ratio of the exhaust gas flowing 
into the NH^-AO catalyst 10a is changed from rich to 
lean, obtained by experiment. In Fig. 8A, the curves 
show the identical desorbed NH3 amount. As shown in 
35 Fig. 8A, the desorbed NH, amount D{NHi) becomes larger as 
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the adsorbed NH, amount S(NH,) becomes larger. Also, 
IMNHi) become larger as the temperature TAC of the 
exhaust gas flowing into the Nlii-AO catalyst lOa, which 
represents the temperature of the NHi-AO catalyst 10a, 
becomes higher. The desorbeci NH, amount D{NIii) is stored 
in the ROM 22 in advance in the form of a map as shown ii 
Fig. 8B. 

Accordingly, during the lean engine operation, the 
adsorbed NHj amount S(NHj) is calculated using the 
following equation: 

S{NH:,) = S(NHt) - D{NH3) ' DELTAd 
where DELTAd represents the time interval of the 
calculation of D{NH3), and thus D(NHt) • DELTAd 
represents the NH, amount desorbed from the NH^-AU 
catalyst 10a, from the last calculation of D{NH3) until 
the present calculation. 

To obtain the temperature TTC of the exhaust gas 
flowing into the TW catalyst 8a, and the temperature TAC 
of the exhaust gas flowing into the NH3-AO catalyst 10a, 
temperature sensors may be arranged in the exhaust 
passage directly upstream of the TW catalyst 8a and 
directly upstream of the NH,-AO catalyst 10a, 
respectively. However, the exhaust gas temperatures can 
be estimated on the basis of the engine operating 
condition, that is, the engine load Q/N and the engine 
speed N, Thus, in the engine shown in Fig. 1, TTC and 
TAC are stored in the ROM 22 in advance in the form of a 
map as shown in Figs. 9A and 9B. ETA and D(NH3) are 
calculated using TTC and TAC obtained from the maps shown 
in Figs. 9A and 9B. 

In this embodiment, one lean operation period TL is 
performed for several minutes, and one rich operation 
period is performed for several seconds, for example. 
Therefore, in this embodiment, the engine 1 performs the 
lean engine operation basically, and performs the rich 
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ongino operation temporarily. in this case, a pJiirality 
of cylinders perform the lean engine operation during the 
lean engine operation, and a plurality of cylinders 
perform the rich engine operation during the rich engine 
5 operation. Note that the lean and the rich operation 

periods may be predetermined as a time. Further, 
alternatively, first, the total NO^ amount flowing into 
the NH3-AO catalyst 10a during the lean engine operation 
may be found, and the lean operation period TL may be set 
10 so that the total inflowing NO^ amount does not exceed a 

NO^ amount which NH^ adsorbed in the NH3-AO catalyst lOa 
can purify. 

Next, the control of the ignition timing in the 
engine shown in Fig. 1 will be explained with reference 

15 to Fig. 5. 

In the engine shown in Fig, 1, the ignition timing 
IT in the lean engine operation is made ITL which 
provides, for example, the suitable output torque of the 
engine. On the contrary, the ignition timing IT in the 

20 rich engine operation is made ITR which is retarded with 
respect to the ignition timing ITL. Retarding the 
ignition timing suppresses the increase of the output 
torque, and thereby suppresses the undesired fluctuation 
in the output torque when the engine performs the lean 

25 and rich engine operations alternately and repeatedly. 
Further, retarding the ignition timing increases the 
temperature of the exhaust gas flowing into the TW 
catalyst 8a, and thereby the synthesized NHj amount is 
kept larger. As a result, the NH3 amount for purifying 

30 NOy increases without extending the rich operation period 
TR . Note that the ignition timing in the lean engine 
operation ITL is set in accordance with the engine 
operating condition, such as the lean air-fuel ratio 
{A/F)L. Also, the ignition timing in the rich engine 

35 operation ITR is set in accordance with the engine 

operating condition, such as the rich air-fuel ratio 
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(A/F)H and Lhe ignition timing ITL. 

Figs. 10 to 12 illustrate routines for executing the 
above-mentioned embodiment. Each routine is executed by 
interruption every predetermined crank angle. 

Fig. 10 illustrates a routines far executing the 
control ol the engine operation periods. 

Referring to Fig. 10, first, in step 40, it i .s 
judged whether FRICH is made 1. FRICM is made 1 when the 
rich operation is to be performed, and is made zero when 
the lean operation is to be performed. If FRICM is 1, 
that is, if the rich operation is to be performed, the 
routine goes to step 41, where the exhausted NO, amount 
Q(NO,) is calculated using the map shown m Fig. 6B on 
the basis of the engine load Q/N and the engine speed N. 
In the following step 42, the exhaust gas temperature TTC 
is calculated using the map shown in Fig. 9A . In the 
following step 43, the NH, synthesizing efficiency ETA is 
calculated using the map shown in Fig. 7 on the basis of 
the exhaust gas temperature TTC In the following 
step 44, the adsorbed NH3 amount S ( NH3 ) is calculated 
using the following equation: 

S(NH3) = S(NH3) i Q(N0J . ETA • DELTAa 
where DELTAa is a time interval from the last processing 
cycle until the present processing cycle, and is obtained 
by, for example, a timer. In the following step 45, it 
is judged whether the adsorbed NH3 amount S(NH3) is 
larger than the maximum amount MAX(NH3). If S(NH3) < 
MAX(NH3), the processing cycle is ended. Namely, if 
S(NH3) < MAX(NH3j, the adsorbed NH3 amount is judged to be 
too small to purify NO,, and thus the rich operation is 
continuously performed. 

If S(NH3) > MAX(NH3), the routine goes to step 46, 
where FRiCH is made zero, and then the processing cycle 
is ended. Namely, if S ( NH3 ) > MAX{NH3), the adsorbed NH, 
amount is sufficient to purify NO,, and the rich 
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operation is stopped and the lean operation starts (as at 
the time a, c, e, or g shown in Fig. 5). AccordinyJy, 
the rich operation period TR is a period from when F'HICH 
IS made 1 until S(NH() > MAX(NH,). 

Contrarily, if FRICH - 0 in step 40, that is, if the 
lean operation is to be performed, the routine goes to 
step 47, where the exhaust gas temperature TAC is 
calculated using the map shown in Fig. 7B. In the 
following step 48, the desorbed NH, amount D(NHi) is 
calculated using the map shown in Fig. 8B, on the basis 
of TAG and the present S(NH3). In the following step 49, 
the adsorbed NH^ amount S(NH^) is calculated using the 
following equation: 

S(NH,) - S{NH3) - D(NH3) • DELTAd 
where DELTAd is a time interval from the last processing 
cycle until the present processing cycle. In the 
following step 50, it is judged whether the adsorbed NH3 
amount S{NHj) is smaller than the minimum amount 
MIN(NH3). If S(NH3) > MIN(NH3), the processing cycle is 



amount S{NH3) is judged to be still large to purify NO,, 
and thus the lean operation is continued. 

If S(NH3) < MIN{NH3), the routine goes to step 51, 
FRICH is made 1 and the processing cycle is ended. 
Namely, if S{NH3) < MIN(NH3), the adsorbed NH3 amount is 
judged to be insufficient to purify NO,, and thus the 
lean operation is stopped and the rich engine operation 
starts (as at the time b, d; or f shown in Fig. 5). 
Accordingly, the lean operation period TL is from when 
the FRICH is made zero until S(NH3) < MINfNH,). 

Fig. 11 illustrates the routine for calculating the 
fuel injection time TAU. 

Referring to Fig. 11, first, in step 60, the basic 
fuel injection time TB is calculated using the following 
equation, on the basis of the engine load Q/N and the 



20 



Namely, if S(NH3) > M1N(NH3), the adsorbed NH 
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enqine speed N: 

TB = (Q / N) • K 
In the following step 61, the feedback correction 
coefficient FAF is calculated. in the following step 62, 
It is judged whether KHICH, which is controlled in the 
routine shown an Fiy. 10, is made J. If FRICH = 1, that 
IS, if the rich operation is to be performed, the routine 
goes to step 63, where the rich air-fuel ratio (A/F)R is 
calculated- In this embodiment, the rich air-fuel ratio 
(A/F)R IS kept constant at 13.8 regardless the engine 
operating condition, and thus the rich air-fuel ratio 
(A/F)R is made 13.8 in step 63. In the following 
step 64, the rich air-fuel ratio {A/F)R is memorized as 
the target air-fuel ratio (A/F)T. Next, the routine goes 
15 to step 65. 

Contrarily, if FRICH is zero, that is, if the lean 
operation is to be performed, the routine goes to 
step 66, where the lean air-fuel ratio (A/F)L is 
calculated. In this embodiment, the lean air-fuel ratio 
(A/F)L is kept constant at 25.0 regardless the engine 
operating condition, and thus the lean air-fuel ratio 
(A/F)L is made 25.0 in step 66. In the following 
step 67, the lean air-fuel ratio (A/F)L is memorized as 
the target air-fuel ratio (A/F)T. Next, the routine goes 
25 to step 65. 

In step 65, the fuel injection time TAU is 
calculated using the following equation: 
TAU = TB . ((A/F)S / (A/F}T) • FAF 

Each fuel injector 5 injects the fuel for the fuel 
30 injection time TAU. 

Fig. 12 illustrates a routine for executing the 
control of the ignition timing. 

Referring to Fig. 12, first, in step 160, it is 
judged whether FRICH, which is controlled in the routine 
35 shown in Fig. 10, is made zero. If FRICH = 0, that is, 
if the lean operation is to be performed, the routine 
goes to step 161, where ITL is calculated in accordance 
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with, ior examplt^, the engine operatiny cundil ion. In 
the following step 162, ITI; is memorized as the ignition 
timing IT. Then, the processing cycle in ended. 

If FRICH = 1 in step 160, that is, if the rich 
5 operation is to be performed, the routine goes to 

step 163, where ITR is calculated in accordance with, for 
example, ITL. In the following step 164, ITR is 
memorized as the ignition timing IT, Then, the 
processing cycle is ended. Each spark plug 15 performs 
10 the igniting operation in accordance with the ignition 
timing ITL or ITR. 

In the embodiment mentioned above, the exhaust gas 
can be purified sufficiently using a single exhaust 
passage, that is, without providing a plurality of the 
15 exhaust passages. Accordingly, the structure of the 

exhaust gas purifying device is kept small and simple. 

On the other hand, if a ratio of the number of the 
cylinders which performs the lean engine operation to the 
number of the cylinders which performs the rich engine 
20 operation in one cycle (see Fig. 5) is referred as a 

cylinder number ratio RATIO, it is desired to make the 
cylinder number ratio RATIO as large as possible, to 
thereby make the fuel consumption rate as small as 
possible. However, if a part of the cylinders performs 
25 the rich engine operation and the other performs the lean 
engine operation as in the prior art device mentioned at 
the beginning, the cylinder number ratio RATIO is 
limited. That is, in the four-cylinder engine, for 
example, the ratio RATIO is limited to 3 and cannot made 
30 larger than 3. Thus, the decrease of the fuel 

consumption rate is limited, with the identical lean and 
rich air-fuel ratio (A/F)L and (A/F)R. Contrarily, in 
the embodiment, the ratio RATIO is allowed to be made 
larger until the NO^ amount flowing into the NH3-AO 
35 catalyst 10a exceeds the NH3 amount desorbed from the 

catalyst 10a. In particular, the cylinder number ratio 



V\C>97/|75J>_ 

PfTAIP96/03205 



10 



15 



20 



25 



35 



• 



- .^0 ^ 



HATIO IS made larger than 3 m the four-cylinders engine. 
As a result, the fuel consumption rate is made more 
I ower . 

Further, if the first cylinder #1 continuously 
performs the rich operation and the second, third, and 
fourth cylinders #2, #3, #4 continuously perform the lean 
operation, for example, as in the prior art, a large 
temperature difference between the exhaust gases 
exhausted from the cylinders #1 to #4 may occur, and may 
lead a larger temperature drop in the engine body or in 
the exhaust manifold 7, to thereby lead to a large 
thermal distortion therein. Furthermore, in this 
example, a large amount of the deposition may exist in 
the first cylinder #1 which performs the rich operation 
continuously. Contrarily, in this embodiment, a cylinder 
in which the lean or rich operation is to be performed is 
not specified, that is, every cylinder performs both the 
lean and the rich operations. Accordingly, a large 
thermal distortion in the engine body or in the exhaust 
manifold 7 is prevented, and the large amount of the 
deposition on the particular cylinder is also prevented. 

Additionally, the exhaust gas purifying method 
according to the present embodiment may be used in a 
single cylinder engine. 

Next, another embodiment for determining the lean 
and the rich operation period TL, TR, in the engine shown 
in Fig. i, will be explained. 

In the above-mentioned embodiment, the lean and the 
rich operation period TL, TR are set in accordance with 
30 the adsorbed NH3 amount S(NH3). As a result, the 

cylinder number ratio RATIO is set in accordance with the 
adsorbed NH3 amount S(NHj). Contrarily, in this 
embodiment, a ratio RATIO suitable for purifying NO, for 
every engine operating condition is stored in advance, 
and the lean and the rich operation period TL and TR are 
set to make the actual cylinder number ratio equal to 
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this suitable ratio RATIO. 

In this embodiment, the ratio RATJO is one .selected 
from 1, 2, 3, and 4. Fig. 13 showf^ the ratio RATIO 
suitable tor purifying NO^ for an engine uperatinq 
S condition defined by the engine load Q/N and the engine 
speed N. As shown in Fig. 13, the ratio RATIO becomes 
larger as the engine load Q/N become higher when the 
erigine load Q/N is low, and becomes smaller as the engine 
load Q/N becomes higher when the engine load Q/N is high, 
10 with the constant engine speed N. The ratio RATIO is 

stored in the ROM 22 in advance in the form of a map as 
shown in Fig. 13. 

For the ratio RATIO obtained from the map shown in 
Fig. 13, any method can be applied to set the number of 
15 the cylinders performing the lean engine operation and 

that performing the rich engine operation. In this 
embodiment, the number of the cylinder performing the 
rich engine operation is set to 1 regardless the ratio 
RATIO. As mentioned above, the ratio F(ATIO is a ratio of 
20 the number of the cylinders performing the lean engine 
operation to that performing the rich engine operation, 
in one cycle. Thus, the number of the cylinders 
performing the lean engine operation is made 1, 2, 3, and 
4, for the ratio RATIO 1, 2, 3, and 4, respectively, with 
25 the number of cylinder performing the rich engine 

operation being 1. Next, the method for controlling the 
engine operation period will be explained in more detail, 
with reference to Figs. 14 to 17. 

In the engine shown in Fig. 1, the combustion stroke 
30 of one of the cylinders is in process whenever the 
crankshaft turns by about 180 degree. That is, the 
combustion strokes are in process repeatedly in the order 
of the first #1, the third #3, the fourth #4, and the 
second cylinder #2. In Figs. 14 to 17, white and black 
35 circles represent the lean and the rich engine 

operations, respectively. Fig. 14 illustrates the case 
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in which the ratio RATIO is made 1. In this caso, the 
rich operation is performed in one cylinder, that is, for 
example, the first cylinder and the lean operation is 

performed in one cylinder, that is, the third 
cylinder #3. Thus, the rich operation in the first 
cylinder #1 forms the rich operation period TR, and the 
lean operation in the third cylinder #3 forms the lean 
operation period TL, and the operations in the two 
cylinders form the cycle. The following cycle is formed 
by the operations of the fourth and the second 
cylinders #4 and #2. 

As mentioned above, in the engine shown in Fig. l, 
the combustion stroke is in process whenever the 
crankshaft turns by about IBO degree, and thus the 
exhaust stroke periods of the cylinders are different 
from each other, that is, do not overlap each other. As 
a result, in the case of RATIO = 1 , the exhaust gas 
exhausted from the first cylinder #1 of which exhaust gas 
arr-fuel ratio is rich first flows into the TW 
catalyst 8a, and then the exhaust gas exhausted from the 
third cylinder #3 of which exhaust gas air-fuel ratio is 
lean flows into the TW catalyst 8a, and, in this manner, 
the exhaust gases from the cylinders flow into the TW 
catalyst 8a, in turn. Accordingly, the exhaust gas 
portions of which the exhaust gas air-fuel ratios are 
rich and lean flow into the TW catalyst 8a alternately 
and repeatedly. Note that the present invention may be 
applied in the case in which the exhaust stroke periods 
slightly overlap to each other. 

Fig. 15 shows the case where RATIO - 2. In this 
case, the rich operation is performed in, for example, 
the first cylinder #1, and the lean operation is 
performed in two cylinders, that is, the third and the 
fourth cylinders #3 and #4. Thus, the rich operation in 
the first cylinder #1 forms the rich operation period TR, 
and the lean operations in the third and the fourth 
cylinders #3 and #4 form the lean operation period TL , 
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and the operations in the three cylinders form the cycle. 
The following cycle is formed by the operations oi the 
second, the first, and the third cylinders #2, #1, 
and #3. 

5 Vig. 16 shows the case where RATIO =3. In this 

case, the rich operation is performed in, for example, 
the first cylinder #1, and the lean operation is 
performed in three cylinders, that is, the third, the 
fourth/ and the second cylinders #3, #4, and #2. 'J'hus , 

10 the rich operation in the first cylinder #1 forms the 

rich operation period TR, and the lean operations in the 
third, the fourth, and the second cylinders #3, #4, 
and #2 form the lean operation period TL, and the 
operations in the four cylinders form the cycle. The 

15 following cycle is formed by the operation of the first, 

the third, and the fourth cylinders #1, #3, and #4. 

Fig. 17 shows the case where RATIO =4. In this 
case, the rich operation is performed in, for example, 
the first cylinder #1, and the lean operation is 

20 performed in four cylinders, that is, the third, the 

fourth, the second, and the first cylinders #3, #4, #2, 
and #1. Thus, the rich operation in the first 
cylinder #1 forms the rich operation period TR, and the 
lean operations in the third, the fourth, the second, and 

25 the first cylinders #3, #4, #2, and #1 form the lean 

operation period TL, and the operations in the five 
cylinders form the cycle. The following cycle is formed 
by the operation of the third, the fourth, the second, 
the first, and the third cylinders #3, #4, #2, #1, 

30 and #3. 

When the ratio RATIO is made equal to or larger than 
the total number of the cylinders of the engine as in the 
example shown in Fig. 17, all of the cylinders performs 
the lean engine operation in one lean operation period. 

35 This ensures the longer lean operation period TL, to 
thereby decrease the fuel consumption rate. 

When setting the cylinder number ratio RATIO to 



wo 9-^/ 7532 

• 



PC'I/.IP**6/03205 



10 



15 



20 



25 



30 



35 



t.hereby set the lean and the rich operation periods TL 
and TR in this way, the NH, amount and the NO, amount 
flowing into the NH,-AO catalyst 10a can be controlled 
accurate. This results in preventing NO, and NH, from 
passing through the NH,-AO catalyst 10a, and in purifying 
the exhaust gas sufficiently. 

A cylinder performing the rich operation is not 
fixed when setting the ratio RATIO to thereby set the 
lean and the rich operation periods TL and TR. Further, 
a cylinder performing the rich operation varies in every 
cycle, when the ratio RATIO is made 2 or 4, for example. 
Thus, the engine body 1 or the exhaust manifold 7 is 
further prevented from the thermal distortion, and the 
deposition in the specific cylinder is further prevented. 

Note that the cylinder performing the rich operation 
IS fixed when the ratio is made 1 or 3 , as shown in 
Fig. 14 or 16. Namely, only the first and the third 
cylinders #1 and #j perform the rich operation in the 
example shown in Fig. 14, and only the first cylinder #1 
performs the rich operation in the example shown in 
Fig. 16. However, if the ratio RATIO changes due to the 
change in the engine operating condition, the cylinder 
performing the rich operation is changed. Namely, the 
cylinder performing the rich operation changes whenever 
the ratio RATIO changes, and thus the cylinder is not 
necessarily fixed. Note that, if the ratio RATIO is kept 
identical for a long period due to the stable engine 
operating condition and thereby a specific cylinder 
performs the rich operation for a predetermined period, 
the cylinder performing the rich operation may be changed 
to the other while keeping the ratio RATIO. Namely, in 
the example shown in Fig. 16, if the first cylinder #1 
performs the rich operation for the predetermined period, 
the third cylinder #3 performs the rich operation, while 
the first cylinder performs the lean operation to keep 
the ratio RATIO, for example. Alternatively, the ratio 
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RATIO may be changed to 2 or 4 temporarily, to thereby 
change the cylinder performing the rich operation. 

When the lean and the rich operations are performed 
11) accordance with the ratio RATIO, each cylinder is 
required to be judged whether it has to perform the lean 
operation or the rich operation. Next, the method for 
judging whether the cylinder has to perform the lean 
operation or the rich operation will be explained. 

In this embodiment, the product DRICH of the data 
DRATIO of 5 bits representing the cylinder number ratio 
RATIO, and the history data DHISTORY of 5 bits 
representing the engine operations in the last five 
cylinders is calculated whenever the combustion stroke is 
in process, and it is judged whether the lean operation 
or the rich operation is to be performed, on the basis of 
the product DRICH. The data DRATIO is "00001" for 
RATIO - 1, "OOOII" for RATIO - 2, "00111" for RATIO - 3, 
and "01111" for RATIO = 4, as shown in Fig. 18, and is 
stored in the ROM 22 in advance in the form of a map as 
shown in Fig. 18. 

The bit in 2^' of DHISTORY represents the engine 
operation performed five times before, the bit in 2^ 
represents the engine operation performed four times 
before, the bit in 2^ represents the engine operation 
performed three times before, the bit in 2^ represents 
the engine operation performed two times before, and the 
bit in 2^ represents the last engine operation. In each 
cylinder, eacli bit is made zero when the lean operation 
is performed, and is made 1 when the rich operation is 
performed. Thus, DHISTORY = '10010", for example, 
represents that the rich, the lean, the lean, the rich, 
and the lean operations have been performed, in turn. 

The product DRICH of DRATIO and DHISTORY is 
calculated when the fuel injection time TAU for each 
cylinder is calculated. The cylinder performs the rich 
operation when DRICH is "00000", and performs the lean 
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operation when DRICH is thF^ other. Next, an example of 
DRICH will be explained with reference to Kig. 19, as 
well as Fig. 15. 

Fig. 19 illustrates the product DRICH in the case in 
which RATIO =2. In the example shown in Fig. 19, for 
the second cylinder #2, DHISTORY is "10010" and DRATIO is 
"OOOU", and thus DRICH is "00010'. As a result, the 
second cylinder #2 performs the lean operation. That is, 
the target air-fuel ratio (A/F)T for the second 
cylinder #2 is made the lean air-fuel ratio (A/F)L. For 
the following first cylinder #1, DHISTORY is "00100' and 
DRATIO is "00011", and thus DRICH is "00000". As a 
result, the first cylinder #1 performs the rich 
operation. That is, the target air-fuel ratio (A/F)T for 
the first cylinder #1 is made the rich air-fuel ratio 
(A/F)R. The following third cylinder #3 performs the 
lean operation because DRICH is "OOOOl", the following 
fourth cylinder #4 performs the lean operation because 
DRICH is "OOOlO*', and the following second cylinder #2 
performs the rich operation because DRICH is "00000". 

Fig. 20 shows a routine for executing the embodiment 
mentioned above. This routine is executed by 
interruption every predetermined crank angle. 

Referring to Fig, 20, first, in step 70, it is 
judged whether it is in the fuel injection timing of any 
one of the cylinders. If it is not in the fuel injection 
timing, the processing cycle is ended. If it is in the 
fuel injection timing, the routine goes to step 71, where 
the cylinder number ratio RATIO is calculated using the 
map shown in Fig. 13. In the following step 72, DRATIO 
is calculated using the map shown in Fig. 18, on the 
basis of the ratio RATIO obtained in the step 71. in the 
following step 73, DRICH is calculated as the product of 
proposition of DRATIO and DHISTORY. In the following 
35 step 74, DHISTORY is renewed on the basis of DRICH in the 
present processing cycle. In the following step 75, it 
is judged whether DRICH is "00000' . If DRICH = "00000", 
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the routine goes to step 76, where FRJCH js made 1. 
FRICH is identical one shown in the routine shown in 
Fig. 10, and the rich engine operation is performed when 
FRICH is made 1, as can be seen from the routine shown in 
Fiq. 11. Then, the processing cycle is ended. 

If DRICH ^ ■00000" in step 75, the routine goes to 
step 77, where FRICH is made zero. When FRICH is made 
zero, the lean operation is performed. Then, the 
processing cycle is ended. 

In this embodiment, the number of the cylinders 
performing the rich engine operation in one rich 
operation period is made 1. As a result, the NH^ amount 
flowing into the NH-,-AO catalyst 10a during one rich 
operation period is made smaller. Therefore, the volume 
of the NH3-AO catalyst 10a, as well as the size thereof, 
can be made very small. 

Note that, in one cycle, a plurality of cylinders 
may perform the rich operation. Referring to Fig. 21 
which illustrates an example in which the number of the 
cylinders performing the rich operation in one cycle is 
made 3, the first, the third, and the fourth 
cylinders #1, #3, and #4 perform the rich operation, in 
turn. Then, if the ratio RATIO is made 2, the following 
six cylinders perform the lean operation. In the 
following cycle, the third, the fourth, and the second 
cylinders #3, #4, and #2 perform the rich operation, in 
turn. In this case, it is prevented that the cylinders 
performing the rich operation are completely identical to 
those in the last cycle. That is, the cylinders 
performing the rich operation vary in every cycle. As a 
result, in the example shown in Fig. 21, the engine body, 
for example, is prevented from the thermal distortion, 
and a large amount of deposition on a specific cylinder 
is also prevented. 

In the above-mentioned embodiment, the cylinder 
number ratio RATIO is set as a function of the engine 
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load Q/N and the engine speed N. AU.ernat ively , the 
ratio RATIO may be set as a function of the intake air 
amount Q, as shown in Fig. 22. In tJiis case, the ratio 
RATIO becomes larger as the intake air amount Q becomes 
larger when g is small, and becomes smaller as Q becomes 
larger when Q is large, as shown m Fig. 22, 

Next, another method for setting the lean air-fuel 
ratio (A/F)L will be explained. 

During the lean operation in which the engine 
air-fuei ratio is made the lean air-fuel ratio (A/F)L, it 
is often difficult to ensure the adequate output torque 
of the engine, and the actual output torque may deviate 
from the required output torque which is determined in 
accordance with the engine operating condition, if the 
15 target air-fuel ratio (A/F)T is simply made lean. To 

solve this, in this embodiment, the lean air-fuel ratio 
(A/F)L, which make the actual output torque equal to the 
required torque in the lean operation, is stored in 
advance, and the target air-fuel ratio (A/F)T is set to 
this lean air-fuel ratio (A/F)L in the lean operation. 

Fig. 23 shows the lean air-fuel ratio (A/F)L making 
the actual output torque equal to the required output 
torque. As shown in Fig. 23, the lean air-fuel ratio 
(A/F)L is obtained, as a function of the engine load Q/N 
25 and the engine speed N, in advance, by experiment. The 
lean air-fuel ratio {A/F)L becomes larger as the engine 
load Q/N becomes higher when the engine load Q/N is low, 
and becomes smaller as the engine load Q/N becomes higher 
when the engine load Q/N is high, with a constant engine 
30 speed N. Further, the lean air-fuel ratio {A/F)L is 

stored in the ROM 22 in advance in the form of a map of 
shown in Fig. 23. The lean air-fuel ratio (A/F)L may be 
calculated using the map shown in Fig. 23, in the step 66 
in the routine shown in Fig. 11. 

Next, another method for setting the rich air-fuel 
ratio (A/F)R will be explained. 

As mentioned above, shorter rich operation period is 
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desirable for a lower fuel consumption rale. Thus, it is 
desired to change the rich air-fuel ratio {A/F)R jn 
accordance with the engine operating condition, to 
thereby make the NH, amount synthesized in the rich 
5 operation period larger. However, if the NH, amount 

flowing into the NH^-AO catalyst 10a suddenly increases 
when the engine air-fuel ratio changes from the lean 
dir-fuel ratio (A/F)L to the rich air-fuel ratio {A/F)R, 
the NHt may be discharged from the NH,-AO catalyst 10a 
10 without being adsorbed. Therefore, in this embodiment, 
the rich air-fuel ratio (A/F)R, which makes the NHt 
amount flowing into the NH3-AO catalyst 10a in the rich 
operation suitable for the decreasing the fuel 
consumption rate and for good purification of the exhaust 
15 gas, is stored in advance, and the target air-fuel ratio 
(A/F)T is made equal to the rich air-fuel ratio (A/F)R, 
in the rich operation. 

Fig. 24 shows the rich air-fuel ratio (A/F)R making 
the NHt amount flowing into the NH3-AO catalyst 10a in 
20 the rich operation suitable for the decreasing the fuel 

consumption rate and for good purification of the exhaust 
gas. As shown in Fig. 24, the rich air-fuel ratio (A/F)R 
is stored as a function of the intake air amount Q, in 
advance, by experiment. The rich air-fuel ratio {A/F)R 
25 is made 14.4 when Q < Ql , becomes smaller as the intake 

air amount Q becomes larger when Ql < Q < Q2 , and is made 
12,5 when Q2 < Q, where Ql and Q2 are predetermined 
values. When the intake air amount Q becomes larger and 
thus the combustion temperature becomes higher, the NO^ 
30 amount exhausted from the engine becomes larger suddenly 
and thus the NH3 amount flowing into the NH^-AO 
catalyst 10a becomes larger suddenly. Therefore, when 
the rich air-fuel ratio (A/F)R is made larger and thereby 
the combustion temperature is lowered, NHj is prevented 
35 from excessively flowing into the NH^-AO catalyst 10a. 
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Nate that the rich air-fuel ratio (A/F)R is stored in th^ 
ROM 22 in advance in the forn, of the map as shown in 
Fig. 24. The rich air-fuel ratio (A/F)R may be 
caJculated using the map shown in Fig. 24, in the step 63 
in the routine shown in Fig, 11. 

Next, a further embodiment for setting the rich 
air-fuel ratio (A/F)R will be explained with reference to 
Figs. 25A and 25B. 

As mentioned above, the engine shown in Fig. 1 
niainly performs the lean operation, and performs the rich 
operation temporarily. Thus, it is desired that the 
engine performs the rich operation suitable for the lean 
operation which is a basic engine operation. m other 
words, it is desired that the engine performs the rich 
operation to make the synthesized NH3 amount thereby 
equal to that suitable for purifying NO, flowing into the 
NH3-AO catalyst 10a in the lean operation. Therefore, in 
this embodiment, a changing value DROP in the target 
air-fuel ratio (A/F)T making the rich operation suitable 
for the last lean operation is stored in advance, and the 
rich air-fuel ratio (A/F)R is calculated by subtracting 
the changing value DROP from the lean air-fuel ratio 
(A/F)L in the last lean operation, as shown in Fig. 25A. 
The changing value DROP varies in accordance with the 
engine operating condition, and is thus set in accordance 
with the engine operating condition just before the rich 
operation in question starts, such as an engine load. 
This results in purifying the exhaust gas sufficiently, 
regardless the lean air-fuel ratio (A/F)L. 

Fig. 25B shows the changing value DROP obtained in 
advance by experiment. As shown in Fig. 25B, the 
changing value DROP becomes smaller as the engine load 
Q/N becomes higher, and is stored in the ROM 22 in 
advance in the form of a map as shown in Fig. 25B. In 
the step 63 in the routine shown in Fig 11, first the 
changing value DROP may be calculated using the map shown 
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in Fig. 25B, and then the rich aii-fuel ratio fA/F)R may 
be calculated by subtracting DROP from the lean air-fuel 
ratio {A/F)L calculated in the step 66. 

Alternatively, the rich air-fuel ratio (A/F)R may be 
a standard value, and the lean air-fuel ratio {A/F)L may 
be calculated by adding a changing value to the rich 
air-fuel ratio (A/F)R, to thereby make the lean operation 
suitable for the last rich operation. 

Next, another embodiment for controlling the target 
air-fuel ratio {A/F)T for each cylinder will be explained 
with reference to Figs. 26 to 30. 

In the above-mentioned embodiments, the target air- 
fuel ratio (A/F)T of the cylinders is made the lean and 
the rich air-fuel ratios {A/F)L and {A/F)R alternately 
15 and repeatedly to make the exhaust air-fuel ratio of the 
exhaust gas flowing into the catalysts 8a and 10a lean 
and rich alternately and repeatedly, as shown in Fig. 5. 
Also, in the above-mentioned embodiments, the target 
air-fuel ratio is changed in the form of the step. 
20 However, if the target air-fuel ratio is changed in the 

form of the step, there may occur a drastic change in the 
output torque of the engine, which is undesirable, and 
the drivability may deteriorate. Thus, in this 
embodiment, as shown in Fig. 26, the target air-fuel 
25 ratio (A/F)T is made smaller from the lean air-fuel ratio 

{A/F)L such as 25.0 to the rich air-fuel ratio (A/F)R 
such as 13. B gradually with a predetermined changing rate 
SLOPER, and is made larger from the rich air-fuel ratio 
(A/F)R to the lean air-fuel ratio (A/F)L with a 
30 predetermined changing rate SLOPEL. The rates SLOPER and 

SLOPEL are set in accordance with the engine operating 
condition, respectively. This prevents a drastic change 
in the output torque, and ensures the good drivability. 
In the embodiment shown in Fig. 27, the target air- 
35 fuel ratio (A/F)T is also made smaller gradually with the 

changing rate SLOPER, and is also made larger gradually 
with tho changing rate SLOPEL, This ensures good 
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drivability. Further, in this embodiment, the target 
air-fuGl ratio (A/F)T if, kept constant at the lean 
air-fuel ratio (A/F)L, for a predetermined period, after 
the target air-fuel ratio {A/F)T reaches the lean 
air-fuel ratio {A/F)L, and then is made smaller with the 
rate SLOPER toward the rich air-fuel ratio (A/F)R. As a 
result, the lean operation period TL is made longer than 
that in the Gmbodiment shown in Fig. 26, and the fuel 
consumption rate is made further smaller. Additionally, 
the changing operation of the target air-fuel ratio 
(A/F)T between the lean and the rich air-fuel ratios per 
unit time is made smaller, and thereby the drivability is 
further enhanced. 

As mentioned above, the TW catalyst 8a synthesizes 
15 NH, for purifying NO, in the rich operation. However, if 
the target air-fuel ratio {A/F)T is made smaller 
gradually from the lean air-fuel ratio (A/F)L to the rich 
air-fuel ratio (A/F)R, the NH^ amount synthesized in the 
TW catalyst 8a may not increases quickly, or the NH3-AO 
catalyst 10a may desorb NH3 excessive to NO, flowing into 
the catalyst 10a. Thus, in the embodiment shown in 
Fig. 28, the target air-fuel ratio (A/F)T is changed from 
the lean air-fuel ratio to the rich air-fuel ratio 
quickly in the form of the step, to thereby prevent NH3 
and NO^ from being discharged without being purified. 
Note that the target air-fuel ratio CA/F)T is changed 
from the rich air-fuel ratio to the lean air-fuel ratio 
gradually with the rate SLOPEL, to thereby suppress the 
undesired fluctuation of the output torque. 

In the embodiment shown in Fig. 29, the target air- 
fuel ratio (A/F)T is made smaller gradually with the rate 
SLOPER, and is made larger gradually with the rate 
SLOPEL, as shown in, for example, Fig. 26. However, in 
this embodiment, the absolute value SLOPER is made 
35 smaller that of SLOPEL, and thus the fluctuation of the 
output torque is suppressed, while preventing the mi, 
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amount from being too small to purify NO^ . 

Further, in the embodiment shown in Fig. 23, the 
target air-fuel ratio (A/F)T is kept, constant at the lean 
air-fuel ratio {A/F)L for a predetermined period, after 
b the target air-fuel ratio (A/F)T is made equal to the 

lean air-fuol ratio {A/F)L, and then is made smaller 
toward the rich air-fuel ratio (A/F)K. The target 
air-fuel ratio {A/F)T is kept constant at the rich 
air-fuel ratio {A/F)R for a predetermined period, after 
10 the target air-fuel ratio {A/F)T is made equal to the 

rich air-fuel ratio (A/F)R, and then is made larger 
toward the lean air-fuel ratio (A/F}L. As a result, the 
changing operation of the target air-fuel ratio (A/F)T 
between the lean and the rich air-fuel ratios per unit 
15 time is made smaller, and thereby the drivability is 

further enhanced. 

In the embodiments shown in Figs. 26 to 29, while 
the changing rate SLOPEL, SLOPER may be set constant 
regardless the engine operating condition, the rate 
20 SLOPEL, SLOPER may be set in accordance with the engine 

operating condition. Fig. 30 shows relationships between 
the rates SLOPEL and SLOPER and the engine load Q/N. As 
shown in Fig. 30, each rate SLOPEL, SLOPER becomes 
smaller as the engine load Q/N becomes higher. The rates 
25 SLOPEL and SLOPER are stored in the ROM 22 in advance in 
the form of a map shown in Fig. 30. 

Further, in the embodiments shown in Figs. 26 to 29, 
the changing rates SLOPEL and SLOPER are kept constant 
through one changing process of the target air-fuel ratio 
30 (A/F)T between the lean and the rich air-fuel ratios. 

Alternatively, the changing rates SLOPEL and SLOPER may 
be changed in one changing process of the target air-fuel 
ratio (A/F)T, in accordance with, for example, the engine 
operating condition. 
35 On the other hand, the ignition timing for each 

cylinder is changed gradually in accordance with the 
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change .n the target a.r-fuel ratao ,A/F,T, when the 
target air-fuej ratio (A/F)T ,s changed as in the 
embodiments rnent ioned above. Namely, in the e^bod.ment 
Shown an Ktg. 26, tor example, the ignxtron tim.ng IT .s 
retarded gradually with a changing rate SR when the 
target air-fuel rat.u (A/F)T ks ;.ade smaller gradually 
and advanced gradually with a changing rate SL when' 
the target air-fuel ratio (A/F)T is made larger 
gradually. The rates SL and SR corresponds to the rates 
.SI.0FE1, and SLOPER, respectively . This suppresses the 
undesired fluctuation .n the output torque more 
effectively. Note that the rates SL and SR may be kept 
constant, or may be changed in accordance with the engine 
operating condition. 

Fig. 31 shows a routine for controlling the ignition 
timing in the embodiment shown in Fig. 26. This routine 
IS executed by interruption every predetermined crank 
angle , 

Referring to Fig. 31, first, in step 170, it is 
judged whether FRICH, which is made zero or 1 in the 
routine shown in Fig. 10, is made 1. If fRICH = Q, that 
IS, if the engine has to perform the lean operation, the 
routine goes to step 171, where the ignition timing IT is 
increased by SL, namely, is advanced by SL. In the 
following step 172, ITL is calculated in accordance with 
the engine operating condition, for example. In the 
following step 173, it is judged whether the ignition 
timing IT is larger than ITL. if it > itl, the routine 
goes to step 174, where the ignition timing it is limited 
to ITL. Then, the processing cycle is ended. 

If FRICH = 1 in step 170, that is, if the engine has 
to perform the rich operation, the routine goes to 
step 175, where the ignition timing IT is decreased by 
SR, namely, is retarded by SR. In the following 
step 176, ITR is calculated in accordance with, for 
example, the engine operation. m the following 
step 177, it is judged whether the ignition timing IT is 
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smaller than ITR. If IT < TTR, the routine goes tu 

stef) lis, where the ignition timiny IT is limited to ITI^. 

Then, the processiriy cycle is ended. 

Fiy. 32 shows another embodiment for the engine 
3 according to the present invention. In Fig. J2, 

constituent elements the same as those in Fig. 1 are 
given the same reference numerals. The engine is 
provided with an electronic control unit same as shown in 
Fig. 1, but it is not depicted in Fig. 32. 
10 Referring to Fig. 32, the engine body 1 is provided 

with a first bank la arranged in one side of the crank 
shaft (not shown), and a second bank lb arranged in the 
other side of the crank shaft. The first bank la 
comprises the first, the third, the fifth, and the 
15 seventh cylinders #1, #3, #5, and #7 aligned straight, 

and the second bank lb comprises the second, the fourth, 
the sixth, and the eighth cylinders #2, #4, #6, and #8 
aligned straight. Connected to the cylinders of the 
first bank la is a common exhaust manifold 7a, and 
20 connected to the cylinders of the second bank lb is a 

common exhaust manifold 7b. The exhaust manifolds 7a and 
7b are connected to the common TW catalyst 8a via 
corresponding exhaust pipes 80a, 80b. Note that the 
upstream side air-fuei ratio sensor 29a is arranged in 
25 the exhaust passage downstream of the portion meeting the 
exhaust pipes 80a and 80b, in this embodiment. 
Alternatively, the upstream side sensor 29a may comprise 
a pair of sensors, one being arranged in the manifold 7a, 
and the other being arranged in the manifold 7b, 
30 This engine also performs the lean and the rich 

engine operations alternately and repeatedly, to thereby 
make the exhaust gas air-fuel ratio of the exhaust gas 
flowing into the catalysts 8a and 10a lean and rich 
alternately and repeatedly, as shown in Fig. 5. Namely, 
35 the engine performs the rich operation to make the 

exhaust gas air-fuel ratio of the exhaust gas flowing 
into the catalysts 8a and 10a rich, to thereby synthesize 
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NH, and adsorbed NH , in the NH,-AO catalyst \0a, and 
performs the lean operation to mako the exhaust gas 
air^fuel ratio of the exhaust gas flowing into the 
cataJysts 8a and 10a lean, to thereby desorb NH, and 
reduce NO, by the desorbed NH, m the NH,-AO catalyst 1 Oa . 

m this engine, the lean and the rich operation 
period may be set on the basis of the cylinder number 
ratio RATIO, as explained with reference to Figs. 13 to 
In this case, the ratio RATIO is selected from 1 to 
10 7. In the multi-cylinder engine with 8 or more 

cylinders, as shown in Fig 32, the ratio RATIO can be set 
larger such as 5, 6, and 7, and thus the fuel consumption 
rate is made lower than that in the engine shown in 
Fig. 1. 

In the engine shown in Fig. 32, the exhaust stroke 
IS in process, in the order of the first, the eighth, the 
fourth, the third, the sixth, the fifth, the seventh, and 
the second cylinders, whenever the crank shaft turns by 
about 90 degrees. In this case, the beginning of the 
exhaust stroke period of a certain cylinder overlaps the 
end of that of the preceding cylinder, and the end of the 
exhaust stroke period of that certain cylinder overlaps 
the beginning of that of the following cylinder. 
However, when the engine perforins the lean and the rich 
operations alternately and repeatedly, the exhaust gas 
air-fuel ratio of the exhaust gas flowing into the 
catalysts 8a and 10a is made lean and rich alternately 
and repeatedly. Thus, even though the exhaust stroke 
period overlaps that of the other cylinder, the exhaust 
gas can be purified sufficiently. The other 
constructions of the exhaust purifying device and the 
operation thereof are the same as those in the engine 
shown in Fig. 1, and thus the explanations therefor are 
omi tted . 
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Next, another embodiment for the engine shown in 
Fig. 32 will be explained. 
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Tn this embodiment, the eiiyirie 1 is provided with 
four cylinder groups, that is, a first group having the 
first and the second cylinders, a second group having the 
third and the fourth cylinders, a third group having the 
fifth and the sixth cylinders, a fourth group having the 
seventh and the eighth cylinders. The exhaust stroke 
periods of the cylinders in the same cylinder groups are 
substantially identical to each other, but the exhaust 
stroke periods of the groups are different from each 
other. Namely, the exhaust strokes are in process 
whenever the crank shaft turns by about 90 degrees, in 
the order of the first, the third, the fourth, and the 
second cylinder groups. 

This engine also performs the lean and the rich 
engine operations alternately and repeatedly, to thereby 
make the exhaust gas air-fuel ratio of the exhaust gas 
flowing into the catalysts 8a and iOa lean and rich 
alternately and repeatedly, as shown in Fig. 5. Namely, 
the engine performs the rich operation to make the 
exhaust gas air-fuel ratio of the exhaust gas flowing 
into the catalysts 8a and 10a rich, to thereby synthesize 
NH3 and adsorbed NH3 in the NH3-A0 catalyst 10a, and 
perforins the lean operation to make the exhaust gas 
air-fuel ratio of the exhaust gas flowing into the 
catalysts 8a and 10a lean, to thereby desorb NH3 and 
reduce NO^ by the desorbed NHj on the NH3-AO catalyst 10a. 

In this engine, to make the exhaust gas air-fuel 
ratio of the exhaust gas exhausted from the first 
cylinder group, for example, equal to the target air-fuel 
ratio {A/F)T, any method may be applied to set the engine 
air-fuel ratios of the first and the second cylinders #1 
and #2. In the embodiment, the engine air-fuel ratios of 
the first and the second cylinders #1 and fr2 are set 
identical to each other and are made equal to the target 
air-fuel ratio(A/F)T. However, the important point is 
that making the exhaust gas air-fuel ratio of the exhaust 
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gas flowing into the catalysts 8a and 10a equal to the 
target air-fuel ratio (A/F)T, and making both of the 
engine air-fuel ratios of the first and the second 
cylinders equal to the target air-fuel ratio (A/F)T is 
unnecessary. The above explanation may be applied to the 
other cylinder groups, and thus particular explanations 
therefor are omitted. 

In this engine, the lean and the rich operation 
period may also be set on the basis of the cylinder 
number ratio RATIO, as explained with reference to 
Figs- 13 to 21. In this case, the ratio RATIO may be 
considered as a ratio of the number of the cylinder 
groups performing the lean operation to the number of the 
cylinder groups performing the rich operation, in one 
15 cycle. Further, note that each cylinder group may have a 

single cylinder. The other constructions of the exhaust 
purifying device and the operation thereof are the same 
as those in the engine shown in Fig. 1, and thus the 
explanations therefor are omitted. 

Next, another embodiment for the engine shown in 
Fig. 33 will be explained. In Fig. 33, constituent 
elements the same as those in Fig. l are given the same 
reference numerals. 

Referring to Fig. 33, the exhaust gas purifying 
catalyst 10 is housed in the catalytic converter 9 in 
which the TW catalyst 8a is housed. Especially, the 
exhaust gas purifying catalyst 10 is carried on the 
substrate carrying the TW catalyst 8a, and is arranged 
downstream of the TW catalyst 8a, in series, as shown in 
Fig. 33. Additionally, the NH3 purifying catalyst 12 is 
arranged downstream of the exhaust gas purifying 
catalyst 10, as in the engine shown in Fig. I, 

In the engine shown in Fig. 33, the exhaust gas 
purifying catalyst 10 consists of a NO^ occluding and 
reducing catalyst 10b, which is simply expressed as a 
NO,-OR catalyst. The NO,-OR catalyst 10b comprises at 
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least one substance selected from alkali metals such as 
potassium K, sodium Na , lithium Li, and cesium Cs, alkali 
earth metals such as barium Ba and calcium Ca, rare earth 
metals such as lanthanum La and yttrium Y, and transition 
metals such as iron Fe and copper Cu , and nf precious 
metals such as palladium Pd, platinum Pt, and rhodium Rh, 
which are carried on alumina as a carrier. The NOj.-OR 
catalyst 10b performs the NO^ occluding and releasing 
function in which it occludes NO^ therein when the 
exhaust gas air-fuel ratio of the inflowing exhaust gas 
is lean, and releases the occluded NO^ therefrom when the 
oxygen concentration in the inflowing exhaust gas becomes 
lower . 

When the NO, -OR catalyst 10b is disposed in the 
exhaust passage of the engine, ttie NO^-OR catalyst 10b 
actually performs the NO^ occluding and releasing 
function, but the function is unclear. However, it can 
be considered that the function is performed according to 
the mechanism as shown in Fig. 34. This mechanism will 
be explained by using as an example a case where platinum 
Pt and barium Ba are carried on the carrier, but a 
similar mechanism is obtained even if another precious 
metal, alkali metal, alkali earth metal, or rare earth 
metal is used. 

Namely, when the exhaust gas air-fuel ratio of the 
inflowing exhaust gas becomes lean, that is, when the 
oxygen concentration in the inflowing exhaust gas 
increases, the oxygen is deposited on the surface of 
platinum Pt in the form of O;. or 0'' , as shown in 
Fig. 34A. On the other hand, NO in the inflowing exhaust 
gas reacts with the O?. or 0''" on the surface of the 
platinum Pt and becomes NO^ (2N0 + Oi - 2NO7) . 
Subsequently, a part of the produced NO. is oxidized on 
the platinum Pt and is occluded into the NO^-OR 
catalyst 10b. While bonding with barium oxide BaO, it is 
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diffused in the catalyst. 10b j.n the form of nitric acid 
Jons NOu, as shown m Fig. 34A. In this way, NO, 
occluded in the NO, -OR catalyst 10b. 

Coiitrarily, when the oxygen concentra t j on m the 
inflowing exhaust gas becomes lower and the production o 
NO. IS lowed, the reaction proceeds in an inverse 
direction (NO, - NO,), and thus nitric acid ions NO,, in 
the NO,-OR catalyst 10b is released in the form of NO; 
from the NO,-OR catalyst 10b, as shown in Fig. 34b. 
Namely, when the oxygen concentration in the inflowing 
exhaust gas is lowered, that is, when the exhaust gas 
air-fuel ratio of the inflowing exhaust gas is changed 
lean to rich, NO, is released from the NO,-OR 
catalyst 10b. At this time, if the reducing agent, such 
as NH,, exists in the NO,-OR catalyst 10b, NO, is reduced 
and purified by the agent. Note that, when the exhaust 
gas air-fuel ratio of the inflowing exhaust gas is rich, 
hydrocarbon HC, carbon monoxide CO, or hydrogen may 
pass through the TW catalyst 8a and may flow into the 
NO,-OR catalyst 10b. It is considered that the HC, CO, 
etc. act as the reducing agent, as well as NHi, and 
reduce a part of NO, on the NO,-OR catalyst 10b. 
However, the reducing ability of NH, is higher than those 
of HC, CO, etc., and thus NO, can be reliably purified by 
using NH^ as the reducing agent. 

This engine also performs the lean and the rich 
engine operations alternately and repeatedly, to thereby 
make the exhaust gas air-fuel ratio of the exhaust gas 
flowing into the catalysts 8a and 10b lean and rich 
alternately and repeatedly, as shown in Fig. 38B. When 
the engine performs the lean operation to make the 
exhaust gas air-fuel ratio of the exhaust gas flowing 
into the catalysts 8a and 10b lean, NO, in the exhaust 
gas passes through the TW catalyst 8a, and then flows 
into the NO,-OR catalyst 10b, as shown in Fig. 35B. At 
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this time, the exhaust gas air- fuel rat jo of the 
inflowing exhaust gas is lean, and thus NO, in the 
inflnwmg exhaust gas is occluded in the NO^^-OR 
catalyst 10b. 

5 On the other hiand , when the engine performs the rich 

operation to make the exhaust gas air-fuel ratio of the 
exhaust gas flowing into the catalysts 8a and 10b rich, a 
part of the NO^^ is converted to NH3 on the TW 
catalyst 8a, as shown in Fig. 35A. The NH^ then flows 
10 into the NO^-OR catalyst 10b. At this time, the exhaust 

gas dir-fuel ratio of the inflowing exhaust gas is rich, 
and thus the occluded NO^ is released from the NO^-OR 
catalyst 10b. The released NO^ is reduced by the NH, in 
the inflowing exhaust gas, and is thus purified. Note 
15 that, even if the NH3 amount inflowing the NO^-OH 

catalyst 10b exceeds an amount required for purifying the 
released NO^, the excess NH3 Clows into the NH3 purifying 
catalyst 12, and is purified there. This prevents NHj 
from being emitted to the ambient air. Further, the lean 
20 and the rich air-fuel ratio (A/F)1j and (A/F)R are also 
set to 25.0 and 13.8, respectively, in this engine. 

Next, the method for controlling the lean and the 
rich operation periods in the engine shown in Fig. 33 
will be explained - 
25 It is desirable that the lean operation period TL is 

made longer, as in the engine shown in Fig. 1, but the 
NO^-QR catalyst 10b will saturate with NO, if the lean 
operation is made too long. On the other hand, if the 
rich operation is made too short, the target air-fuel 
30 ratio {A/F)T has to be changed between the lean and the 

rich air-fuel ratios frequently. Thus, in this 
embodiment, the NO^ amount occluded in the NO^-OR 
catalyst 10b is obtained, and the engine performs the 
rich operation when the occluded NO^ amount exceeds a 
35 predetermined maximum amount in the lean operation, and 
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performs the Jean operation when the occluded NO, amount 
falls below a predetermined minimum amount in the rich 
operation . 

It is difficult to directly find the occluded NO. 
amount in the NO.-OH catalyst 10b. Therefore, in thij 
embodiment, the occluded NO, amount is estimated on the 
basis of the NO, amount flowing into the NO,-OH 
catalyst 10b, that is, the NO, amount exhausted from the 
engine. Namely, the exhausted NO, amount per unit time 
Q(NO,) is calculated using the map shown in Fig. 6. 

Fig. 36A illustrates the NO, amount D(NO,) released 
from the NO,-GR catalyst 10b per unit time, obtained by 
experiments. l„ Fig. 36A, the solid curve shows the case 
where the temperature of the NO,-OR catalyst 10b is high, 
and the broken curve shows the case where the temperature 
of the NO,-OR catalyst 10b is low. Further, in Fig. 36A, 
TIME represents a time starting from when the rich 
operation starts, that is, when the exhaust gas air-fuel 
ratio of the exhaust gas flowing into the catalysts 8a 
and 10b is changed from the lean air-fuel ratio (A/F)L to 
the rich air-fuel ratio (A/F)R. The decomposition rate 
of NO. in the NO, -OR catalyst 10b becomes higher as the 
temperature of the catalyst 10b becomes higher. Thus, 
when the temperature of the NO.-OR catalyst 10b, that is, 
the temperature of the exhaust gas flowing into the 
catalyst 10b TNC, is high, as shown by the solid line in 
Fig. 36A, a large amount of NO, is released from the 
NO,-OR catalyst 10b in a short time, while when TNC is 
low as shown by the broken line in Fig. 36A, a small 
amount of NO, is released. m other words, the released 
NO, amount per unit time D(NO,) becomes larger as the 
exhaust gas temperature TNC becomes higher. The released 
NO, amount D{NO.) is stored in the ROM 22 in advance in 
the form of a map as shown in Fig. 3BB. 

While the exhaust gas temperature TNC may be 



^'7/n532 f'CT/JP96/03205. 




detected by using a temperature sensor arranged m the 
exhaust passage, TNC is estimated on the basis of the 
engine load Q/N anci the engine speed N, in this 
embodiment. That is, TNC js obtained in advance by 
experiment and is stored in the ROM 22 in advance in the 
form of a map as shown in Fig. 37. 

Next, the method for controlling the operation 
period for the engine shown in Fig. 33 will be explained 
in more detail, with reference to Figs. 38A and 38H. The 
routine shown in Fig. 38A is executed by interruption 
every predetermined crank angle. 

Referring to Fig. 38A, first, in step 80, it is 
judged whether FRICH is made 1. FRICH is made 1 when the 
rich operation is to be performed, and is made zero when 
the lean operation is to be performed. If FRICH is 1, 
that is, if the rich operation is to be performed, the 
routine goes to step 81, where the exhaust gas 
temperature TNC is calculated using the map shown in 
Fig. 37. In the following step 82, D(NOx) is calculated 
using the map shown in Fig. 36B. In the following 
step 83, the NO^^ amount S(NO^} occluded in the NO^-OR 
catalyst 10b is calculated using the following equation: 

S{NO,) - S{NO,) - D(NO,) • DELTAd 
where DELTAd is a time interval from the last processing 
cycle until the present processing cycle. In the 
following step 84, it is judged whether the occluded NO^ 
amount S(NOx) is smaller than the minimum amount 
MIN(NO,). If S(NOJ > MIN{NO,), the processing cycle is 
ended. Namely, if S ( NO J > MIN(NOJ, it is judged that 
the occluded NO^ amount S(NO^) is still large, and thus 
the rich operation is continued. 

If S{N0J < MIN(NOx), the routine goes to step 85, 
where FRICH is made zero and the processing cycle is 
ended. Namely, if S(NO^) < MIN(NO^), it is judged that 
the NOx-OR catalyst 10b cannot release NO^ sufficient for 
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the NH, flowing therein, and thus the rich operation is 
stopped and the lean engine operation starts fas at the 
time a, c, e, or g shown in Fig. 38B) . 

Contrarily, if frich ^ 0 in step 80, that is, if the 
5 lean operation is to bo performed, the routine goes to 

step 86, where the exhausted NO, amount Q(NO,) is 
calculated using the map shown in Fig. 6B. In the 
following step 87, the occluded NO, amount S(NO,) is 
calculated using the following equation; 

S(N0J ^ S(NOJ + 0(NOJ . DELTAa 
where DELTAa is a time interval from the last processing 
cycle until the present processing cycle. In the 
following step 88, it is judged whether the occluded NO, 
amount S(NO,) is larger than the maximum amount MAX f NO j , 
which is determined in accordance with the occluding 
capacity of the catalyst 10b. If S(NO.) < MAXfNO.), the 
processing cycle is ended. Namely, if S(NO,) < MAX ( NOJ . 
the occluded NO, amount is judged to be small, and thus 
the lean operation is continuously performed. 

If S(NO,) > MAX{NO,), the routine goes to step 89, 
where FRICH is made 1, and then the processing cycle is 
ended. Namely, if SfNOj > MAX(NO,), the occluded NO, 
amount is considerably large, and the lean operation is 
stopped and the rich operation starts (as at the time b, 
25 d, or f shown in Fig, 38B). 

Also, in this embodiment, the exhaust gas can be 
purified sufficiently without providing a plurality of 
the exhaust passages. Accordingly, the structure of the 
exhaust passage is kept small and simple. The other 
constructions of the exhaust purifying device and the 
operation thereof are the same as those in the engine 
shown in Fig. 1, and thus the explanations therefor are 
omitted , 

Next, a further embodiment will be explained with 
reference to Fig. 39. In Fig. 39, constituent elements 
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thi^ same as those m g . 1 arf^ given the .same reference 
nnmera 1 s . 

Referring tu Fig. 39, the exhaust gas purifying 
cdtdlyst 10 comprises both of the Nli^-AO catalyst 10a and 
5 the NO,-OR catalyst 10b. The NO,-OR catalyst 10b is 

carried on the carrier common to the TW catalyst 8a, and 
the NH,-AO catalyst 10a is arranged in the muffler 11 
downstream of the NO^-OR catalyst 10b. Further, the NH, 
purifying catalyst 12 is arranged downstream of the 
10 NH,-AO catalyst 10a. 

In this engine again, the target air-fuel ratio 
(A/F)T of the cylinders is made equal to the lean and the 
rich air-fuel ratios (A/F)L and {A/F)R alternately and 
repeatedly, to thereby make the exhaust gas air-fuel 
15 ratio of the exhaust gas flowing into the catalysts 8a, 

10b, and 10a lean and rich alternately and repeatedly. 
In this embodiment, the purification of the exhaust gas 
is performed mainly by the NO^-OR catalyst 10b, arranged 
on the upstream side, and the NH3-AO catalyst 10a is 
20 auxiliary. Namely, when the exhaust gas air-fuel ratio 
of the exhaust gas flowing into the catalysts 8a, 10b, 
and 10a is made lean, as shown in Fig. 40B, NO^ exhausted 
from the engine passes through the TW catalyst 8a, and 
then flows into the NO^-OR catalyst 10b. At this time, 
25 the exhaust gas air-fuel ratio of the inflowing exhaust 

gas is lean, and thus NO^ is occluded in the NO, -OR 
catalyst 10b. Even if the NO, passes through the NO^-OR 
catalyst 10b without being occluded, the NO^ is purified 
in the following NH3-AO catalyst 10a. Namely, at this 
30 time, the exhaust gas air-fuel ratio of the inflowing 

exhaust gas is lean and thus NHj is desorbed therefrom, 
and thereby this NH, reduces NO,. Note that, when the 
exhaust gas air-fuel ratio of the inflowing exhaust gas 
is lean, NH3 is desorbed from the NH-,-AO catalyst 10a 
35 regardless the NO^^ amount flowing therein. However, the 
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excess is purified in the following catalyst 12. 

Accordingly, NO. and NH , both are prevented fror. being 
emitted to the ambient air. 

When the exhaust gas air-fuel ratio of the exhaust 
gas flowing into the catalysts 8a, 10b, and 10a is made 
rich, as shown an Fig. 40A, NO, exhausted from the engine 
flows into the TW catalyst 8a, and a part thereof is 
converted to NH3 . The NH3 then flows into the N0,-OR 
catalyst 10b. At this time, the exhaust gas air-fuel 
ratio of the inflowing exhaust gas is rich, NO, is 
released from the NO,-OR catalyst 10b. The NO, is 
reduced and purified by the inflowing NH, . Kven if NH, 
passes through the NO.-OR catalyst 10b without reducing 
NO,, the NH, is adsorbed in the NII3-A0 catalyst 10a. 
Further, even if NH, passes through the NH,-AO 
catalyst 10a without being adsorbed therein, the NH, is 
purified in the catalyst 12. Accordingly, NO, and NH, 
both are purified sufficiently. 

In this embodiment, the lean and the rich operation 
periods TL and TR are set in accordance with the occluded 
NO. amount in the NO,-OR catalyst 10b, as m the engine 
shown in Fig. 33. Namely, the lean operation is stopped 
and the rich operation starts when the occluded NO, 
amount exceeds over the maximum amount, and the rich 
operation is stopped and the lean operation starts when 
the occluded NO, amount falls below the minimum amount. 
However, if the occluded NO, amount exceeds the maximum 
amount and the catalyst 10b saturates, NO, passing 
through the catalyst 10b then flows into the NH,-AO 
catalyst 10a and is reduced by NH, desorbed therefrom. 
Accordingly, precise control of the operation period is 
unnecessary for purifying NO, sufficiently. 

Alternatively, the lean and the rich operation 
periods TL and TR may be set in accordance with the NH, 



I'CT/,IF96/()32()5 



amount adsorbed in the NH,-AO catalyst 10a, as in the 
engine shown in I-^ig. 1. I'urthei alternatively, the Jean 
and the rich operation periods TL and TR may be sot in 
the manner that the lean operation is stopped and the 
5 rich operation starts when the occluded NO, amount in the 

NO^-OR catalyst 10b exceeds the maximum amount therefor, 
and the rich operation is stopped and the lean operation 
starts when the adsorbed NH3 amount in the NH^-AO 
catalyst 10a exceeds the maximum amount therefor. 
10 Further alternatively, the rich operation may start when 
the adsorbed NH^ amount in the NH3-AO catalyst 10a falls 
below the minimum amount therefor during the lean 
operation, and lean operation may start when the occluded 
NO^ amount in the NO^-OR catalyst lOb falls below the 
15 minimum amount therefor during the rich operation. In 

this alternative, setting the minimum amounts for the 
catalysts 10a and 10b relatively large results in that 
NM^ is always adsorbed in the NH^-AO catalyst 10a and NO^ 
is always occluded in the NO^-OR catalyst 10b. Thus, 
20 even though the actual engine air-fuel ratio deviates 

from the target air-fuel ratio {A/F)T due to the engine 
transient operation, the exhaust gas is purified 
sufficiently by at least one of the catalysts 10a and 
10b. Accordingly, the exhaust gas is purified regardless 
25 the engine operation condition. 

In this way, the engine shown in Fig. 39 also 
purifies the exhaust gas with a single exhaust passage. 

In the embodiment shown in Fig. 39, the NOx-OR 
catalyst 10b is arranged on the upstream side, and the 
30 NH3-AO catalyst 10a is arranged on the downstream side, 
considering the endurance temperatures of the 
catalysts 10a and 10b. Alternatively, the NHi-AO 
catalyst 10a may be arranged on the upstream side, and 
the NOj^-OR catalyst 10b is arranged on the downstream 
35 side. In this alternative, setting the lean and the rich 
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operation periods in accordance? with the adsorbed NH, 
amount in the NH,-AO catalyst 10a makes the 
controllability easier. Further alternatively, the 
catalysts 10a and 10b may be arranged in parallel. The 
other constructions of the exhaust purifying device and 
the operation thereof are the same as those in the engine 
shown in Fig. 1, and thus the explanations therefor are 
omitted . 

Figs. 41A and 41B illustrate another embodiment for 
the arrangement of the exhaust gas purifying catalyst 10. 

Referring to Figs. 41A and 41B, the NH3-AO 
catalyst 10a and the NO,-OR catalyst 10b are carried on a 
common substrate, while they are carried on the 
individual substrates in the embodiment shown in Fig. 39. 
Namely, in the embodiment shown in Fig. 41A, the 
catalysts 10a and 10b are laminated to each other and 
carried on a common substrate 110. As shown in Fig. 41A, 
a layer comprised of the NH3-AO catalyst 10a is first 
formed over the surface of the substrate 110 having a 
honeycomb structure, and then a layer comprised of the 
NO^-OR catalyst 10b is formed over the NH^-AO 
catalyst 10a. As mentioned above, the endurance 
temperature of the N0,-OR catalyst 10b is higher than 
that of the NH3-AO catalyst 10a. Therefore, covering the 
NH,-AO catalyst 10a by the NO,-OR catalyst 10b prevents 
the direct contact of the exhaust gas with the NH3-AO 
catalyst 10a. As a result, good purification of the 
exhaust gas is ensured, while ensuring the endurance of 
the NH3-AO catalyst 10a, 

On the other hand, in the embodiment shown in 
Fig. 41B a layer 10c is carried on the substrate 110. 
The layer includes the catalysts 10a and 10b in a mixed 
form. In this case, for example, the NHj-AO 
catalysts 10a are comprised of zeolite carrying the metal 
thereon by the ion changing process, and the NO,-OR 
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catalyst 10b is comprised of alumina carryjrig the 
precious metal and the alkali metal or alkali earth ruGtal 
or the like. These catalysts 10a and 10b are mixeci and 
then applied over the surface of the substrate 110. 
5 This way of carrying the catalysts 10a and 10b makes 

the structure of the exhaust gas purifying device 
simpler . 

Next, another embodiment will be explained with 
reference to Fig. 42. In Fig. 42, constituent elements 
10 the same as those in Fig. 1 are given the same reference 

numerals. Also, in Fig. 42, the exhaust gas purifying 
catalyst 10 comprises both the NH,-AO catalyst 10a and 
the NO,~OR catalyst 10b, but one of them may be omitted. 
Referring to Fig. 42, there is provided a making 
15 rich device 120 for making the exhaust gas air-fuel ratio 
of the exhaust gas, flowing into the catalysts 8a, 10a, 
and 10b, rich. In this embodiment, the device 120 
comprises an auxiliary internal combustion engine 120a, 
of which a crank shaft is different from that of the 
20 engine 1. Arranged in an intake duct 124 of the 

auxiliary engine 120a is a fuel injector 125 for feeding 
fuel such as gasoline to the auxiliary engine 120a. In 
the intake duct 124 upstream of the injector 125, a 
throttle valve 126 is also arranged. On the other hand, 
25 an exhaust pipe 127 of the auxiliary engine 1 is 

connected to an interconnecting pipe 129 connecting both 
of the exhaust manifold 7 and exhaust pipe 127 to the 
catalytic converter 9 in which the TW catalyst 8a is 
housed. Thus, the exhaust gas flowing into, in turn, the 
30 catalysts 8a, 10b, 10a, and 12 is a mixture of the 

exhaust gas from the engine 1 and that from the auxiliary 
engine 120a. Note that, while the auxiliary engine 120a 
shown in Fig. 42 is constructed as an spark- igni t ion type 
engine having a single cylinder, the auxiliary 
35 engine 120a may be constructed as a mul t i -cy 1 inder 
engine, or a diesel engine. 
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Mounted in the intake duct 124 is a pr(>ssure 
sensor 137 generating an output voltage proportional to a 
pressure xn the rntako duct 124. The output voUayo of 
the sensor 137 rs input via an AD converter 138 to the 
-.put port 25. The intake air amount AQ of the auxiliary 
engine 120a is calculated in the CPU 24 on th^ basis of 
the output signals fron, the AD converter 138. Further 
counted in the collecting portion of the exhaust 
manifold 7 is an upstream side air-fuel ratio sensor 29c 
generating an output voltage proportional to an exhaust 
gas air-fuel ratio of the exhaust gas flowing through the 
collecting portion of the exhaust manifold 7. The output 
voltage of the sensor 29c is input via an AD 
converter 30c to the input port 25. The air-fuel ratio 
sensor 29a is mounted in the interconnecting pipe 129 
downstrean, on the meeting point where the exhaust gases 
from the exhaust manifold 7 and the exhaust pipe 127 meet 
with each other. Thus, the sensor 29a generates an 
output voltage proportional to the exhaust gas air-fuel 
ratio of the exhaust gas flowing into the catalysts 8a, 
10b, and 10a. Further, connected to the input port 25 'is 
a crank angle sensor 131 generating an output pulse 
whenever the crank shaft of the auxiliary engine 120a 
turns by, for example, 30 degrees. The CPU 24 calculates 
the engine speed AN of the auxiliary engine 120a in 
accordance with the pulse. Further, arranged in the 
interconnecting pipe 129 downstream of the meeting point 
mentioned above is a temperature sensor 140 generating an 
output voltage proportional to the temperature of the 
exhaust gas flowing into the catalysts 8a, 10b, and 10a, 
which represents the temperature of the catalysts 8a and 
10b. The output port 26 is connected to the fuel 
injector 125 via a corresponding drive circuit 32. 

The output torque of the engine 1 is used for 
driving the automobile, for example. Contrarily, the 
output torque of the auxiliary engine 120a is used for 
driving an auxiliary device 132, such as a cooling device 
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for an insulated van, a mixer for a concrete mixer truck, 
an air-conditioner for a bus, and an electric generator 
for generatinq t}ie electric power for the electrical 
motor of the so-called hybrid type vehicle which is 
b driven by the engine and the electrical motor. The 

throttle valve 126 of the auxiliary engine 120a is 
controlled in accordance with the required output torque 
of the auxiliary engine 120a. Alternatively, the 
auxiliary device 132 may be an auxiliary machinery of the 
10 engine 1 such as a cooling water pump, an oil pump, and 

an alternator. 

In this embodiment, basically, the engine 1 performs 
the lean operation continuously with the lean air-fuel 
ratio (A/F)L such as 25.0, as shown in Fig. 43A by a 
15 broken line. This results in further decreasing the fuel 
consumption rate. Note that, when the engine 1 is 
quickly accelerated, the engine 1 may perform the 
stoichiometric operation in which the engine air-fuel 
ratio is made equal to the stoichiometric air-fuel ratio, 
20 to thereby ensure the larger output torque. 

On the other hand, in this embodiment, the exhaust 
gas air-fuel ratio of the exhaust gas flowing into the 
catalysts 8a, 10b, and 10a is made lean and rich 
alternately and repeatedly, in particular, is made equal 
25 to the lean and the rich air-fuel ratios (A/F)L and 

(A/F)R alternately and repeatedly, as shown in Fig. 43A 
by the solid line. 

To make the exhaust gas air-fuel ratio of the 
exhaust gas flowing into the catalysts 8a, 10b, and 10a 
30 lean, the auxiliary engine 120a performs a lean 

operation. In particular, to make the exhaust gas 
air-fuel ratio of the exhaust gas flowing into the 
catalysts 8a, 10b, and 10a equal to the lean air-fuel 
ratio (A/F)L, the exhaust gas air-fuel ratio of the 
35 exhaust gas from the auxiliary engine 120a, that is, the 
engine air-fuel ratio of the auxiliary engine 120a is 
made equal to the lean air-fuel ratio (A/F)AL. In this 
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embodiment, the exhaust qas air-fuel ratio of the exhaust 
gas from the engine 1 is made equal Lo (A/F)L, and thus 
the lean air-fuel ratio (A/P)AL is identical to (A/FJL. 
m other word, m this case, the target air-fuel ratio 
5 (A/K)AT of the auxiliary engine 120a is made {A/F)L, as 

shown in Fig. 4 3A by the two-dot chain line. 

To make the exhaust gas air-fuel ratio of th^ 
exhaust gas flowing into the catalysts 8a, 10b, and 10a 
rich, the auxiliary engine 12aa performs the rich 
10 operation. In particular, to make the exhaust gas 
air-fuel ratio of the exhaust gas flowing into the 
catalysts 8a, 10b, and 10a equal to a rich air-fuel ratio 
(A/F)R such as 13.8, the engine air-fuel ratio of the 
auxiliary engine 120a is made equal to the rich air-fuel 
ratio {A/F)AR, which is smaller or richer than the rich 
air-fue] ratio (A/F)R. In other word, in this case, the 
target air-fuel ratio {A/F)AT of the auxiliary 
engine 120a is made {A/F)AR, as shown in Fig. 43A by the 
two-dot chain line. In this way, the auxiliary 
engine 120a performs the lean and rich operation 
alternately and repeatedly, while the engine 1 performs 
the lean operation continuously. 

Namely, the exhaust gas air-fuel ratio of the 
exhaust gas flowing into the catalysts 8a, 10b, and 10a 
is kept lean when the auxiliary engine 120a performs the 
lean operation, as shown in Fig. 43B by the solid Ime, 
and is changed to rich when the auxiliary engine 120a 
performs the rich operation, as shown in Fig. 43B by the 
broken line. 

The engine air-fuel ratio of the engine 1 is made 
equal to the lean air-fuel ratio (A/F) on the basis of 
the output signals from the air-fuel ratio sensor 29c. 
The engine air-fuel ratio of the auxiliary engine 120a is 
controlled to make the exhaust gas air-fuel ratio of the 
exhaust gas flowing into the catalysts Ba, 10b, and 10a 
equal to the lean and the rich air-fuel ratios (A/F)L and 
{A/F)R on the basis of the output signals from the 



20 



wo 97/17532 



- 6? - 



air-fuel ratio spnsor 29a. 

In this embodiment, the lean operation period, which 
is d period during which the exhaust gas air-fuel ratio 
of the exhaust gas flowing into the catalyst 8a, 10b, and 
5 10a is made lean, and the rich operation period, which is 

a period during which the exhaust gas air-fuel ratio of 
the exhaust gas flowing into the catalysts 8a, 10b, and 
10a is made rich, are controlled in accordance with at 
least one of the NH3 amount SfNHj) adsorbed in the NHt-AO 
10 catalyst 10a, and the NO^ amount S(NOJ occluded in the 

NO,-OR catalyst lOb. Namely, the lean and the rich 
operation of the auxiliary engine 120a is controlled in 
accordance with at least one of S(NH3) and S(NO,). 
Namely, for example, the engine operation of the 
15 auxiliary engine 120a is changed from the lean operation 

to the rich operation when the adsorbed NH3 amount 
exceeds the maximum amount therefor, and is changed from 
the rich operation to the lean operation when the 
adsorbed NH3 amount falls below the minimum amount 
20 therefor. 

The occluded NO^ amount S(NO^) is estimated on the 
basis of the NO^ amount flowing into the NO^-OR 
catalyst 10b, that is, the sum of the NO, amounts 
exhausted from the engines 1 and 120a- The adsorbed NH, 
25 amount S{NH3) is estimated on the basis of the 

synthesized NH3 amount in the catalyst 8a, which is 
estimated on the basis of the NO^ amounts exhausted from 
the engines 1 and 120a, and the released NO^ amount from 
the NO^-OR catalyst 10b. Note that the temperatures TTC 
30 and TNC representing the temperatures of the catalysts 8a 

and 10b are detected by the sensor 140, and the 
temperature TAG representing the temperature of the 
catalyst 10a is estimated on the basis of the output 
signals from the sensor 140. 
35 Fig, 44 illustrates the routine for calculating the 



10 



wo 97/1 7532^ 

P<^T/JPQ6/03205 

fuel injection Lime TAU for the engine 1. 

Referring to Fig. 44, first, in step 180, the basic 
fuel injection tinio TB is calculated using the fol lowing 
equation : 

TB - (Q / N) - K 
In the following step 181, the feedback correction 
coefficient FAF is calculated, on the basis of the output 
signals form the sensor 29c. In the following step 182, 
the lean air-fuel ratio (A/F)L is calculated. In the 
following step 183, the lean air-fuel ratio (A/F)L is 
memorized as the target air-fuel ratio {A/F)T. In the 
following step 184, the fuel injection time TAU is 
calculated using the following equation: 
TAU = TB . {(A/F)S / (A/F)T) • FAF 
15 Each fuel injector 5 injects the fuel for the fuel 

injection time TAU. 

Fig. 45 illustrates the routine for calculating the 
fuel injection time ATAU for the auxiliary engine 120a. 

Referring to Fig. 45, first, in step 190, the basic 
20 fuel injection time ATB is calculated using the following 

equation, on the basis of the engine load AQ/AN and the 
engine speed AN: 

ATB = (AQ / AN) • K 
In the following step 191, the feedback correction 
25 coefficient AFAF is calculated on the basis of the output 
signals from the sensor 29a. The feedback correction 
coefficient AFAF is for controlling the engine air-fuel 
ratio of the auxiliary engine 120a to make the exhaust 
gas air-fuel ratio of the exhaust gas flowing into the 
catalysts 8a, 10b, and 10a equal to the lean or the rich 
air-fuel ratio (A/F)L, {A/F)R. In the following 
step 192, it is judged whether FRICH, which is controlled 
in the routine shown in Fig. 10, is made 1. If 
FRICH - 1, that is, if the rich operation is to be 
35 performed, the routine goes to step 193, where the rich 
air-fuel ratio {A/F)AR is calculated. In the following 
step 194, the rich air-fuel ratio (A/F)AR is memorized as 
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the target air-fuel ratio (A/F)AT. Next, the routine 
goes to step 19 7. 

Contrarily, if FRICH is zero in step 192, that is, 
if the lean operation is to be performed, the routine 
5 goes to step 195, where the lean air-fuel ratio (A/F)AL 

IS calculated. In the following step 196, the lean 
air-fuel ratio (A/F)AL is memorized as the target 
air-fuel ratio (A/F)AT. Next, the routine goes to 
step 197. 

^0 In step 197, the fuel injection time ATAU is 

calculated using the following equation: 

ATAU - ATB . ({A/F)S / (A/F)AT) • AFAF 
The fuel injector 125 injects the fuel for the fuel 
injection time ATAU. 
15 In the embodiment shown in Fig. 42, the engine 1 

performs the lean operation continuously and the 
auxiliary engine 120a performs the lean and the rich 
operation alternately and repeatedly. In this case, the 
crank shafts thereof are different to each other, and 
20 thus the drivability is prevented from being 

deteriorated, while ensuring the good purification of the 
exhaust gas. Further, the auxiliary engine 120a provides 
an additional output torque. Furthermore, if the 
engine 1 is originally provided with the auxiliary 
25 engine 120a, there is no need to newly provide the 

making-rich device 120, and thereby the structure of the 
exhaust gas purifying device is made simpler. The other 
constructions of the exhaust purifying device and the 
operation thereof are the same as those in the engine 
30 shown in Fig. 1, and thus the explanations therefor are 
omitted . 

Fig. 46 illustrates still further another 
embodiment. In Fig. 46, constituent elements the same as 
those in Figs. 1 and 42 are given the same reference 
35 numerals. 

In this embodiment, the making-rich device 120 
comprises a burner 120b, of which an air-fuel ratio is 
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controllable. The exhaust gas of thR burner 120b flows 
into the TW catalyst Ba vra the pipes 127 and 129, and ,s 
mixod with the exhaust gas from the engine 1. 

Next, the exhaust gas purifying method in this 
embodiment will be explained with respect to Fig. 47. 
The exhaust gas air-fuel rat.o of the exhaust gas flowing 
into the catalysts 8a, 10b, and 10a is made the lean and 
the rich air-fuel ratios (A/F)L and (A/F)R, alternately 
and repeatedly, as in the preceding embodiments. 
However, in this embodiment, the burner 12 0b is stopped 
and the engine I performs the lean operation with the 
lean air-fuel ratio (A/F)L, to thereby make the exhaust 
gas air-fuel ratio of the exhaust gas flowing into the 
catalysts 8a, 10b, and 10a equal to (A/F)L. The 
burner 120b performs the rich operation with the rich 
air-fuel ratio (A/F)AR and the engine 1 performs the lean 
operation with the lean air-fuel ratio (A/F)L, to thereby 
make the exhaust gas air-fuel ratio of the exhausc gas 
flowing into the catalysts 8a, 10b, and 10a equal to 
(A/F)R. Accordingly, the burner 120b is operated and 
stopped alternately and repeatedly. 

Fuel for the burner 120b may be hydrocarbon such as 
gasoline, isooctane, hexane, heptane, gas oil, and 
kerosene or a hydrocarbon which can be stored in a liquid 
state, such as butane or propane. However, if fuel same 
as that for the engine 1 is used for the burner 120b, 
there is no need for providing an additional fuel tank, 
and thus gasoline is used in this embodiment. 

While the burner 120b is connected to the catalytic 
converter 9 via the pipes 127 and 129, in this 
embodiment, it may be provided integrally with the 
converter 9 or the catalyst 8a. Further, the burner 120b 
may be continuously operated and perform the lean 
operation with the lean air-fuel ratio such as (A/F)L 
when making the exhaust gas air-fuel ratio of the exhaust 
gas flowing into the catalysts 8a, 10b, and 10a lean. 
The other constructions of the exhaust purifying device 
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and the operation thereof are the same as those in the 
engine shown in Fig. 42, and thiis the explanations 
therefor are omitted. 

Fig. 48 illustrates stili further another 
5 embodiment. In Fig. 48, constituent elements the same as 

those in Figs. 1 and 42 are given the same reference 
numerals . 

In this embodiment, the engine 1 is constructed as a 
diesel engine, while the spark-ignition type engine may 
10 be adopted. Referring to Fig. 48, each fuel injector 5 

injects fuel into the corresponding combustion chamber of 
the cylinder directly. Also, an air-flow meter 27a is 
arranged in the intake duct 4. The air-flow meter 27a 
generates an output voltage proportional to the intake 
15 air amount, and the output voltage thereof is input via 

an AD converter 28a to the input port 25. 

As shown in Fig. 48, the making-rich device 120 
comprises a reducing agent injector 120c arranged in the 
outlet of the exhaust manifold 7 for adding a reducing 

20 agent into the exhaust gas. The reducing agent may be 

hydrocarbon such as gasoline, isooctane, hexane, heptane, 
gas oil, and kerosene or a hydrocarbon which can be 
stored in a liquid state, such as butane or propane, but 
IS preferable to be the same as that for the engine 1, 

25 The engine 1 performs the lean operation 

continuously. If a diesel engine performs the rich 
operation, the engine exhausts a large amount of the 
black smoke. The black smoke includes a large amount of 
unburned HC, and the TW catalyst 8a cannot purify the HC 

30 sufficiently. On the other hand, providing an additional 

catalyst only for purifying such HC is undesired. 
Therefore, the diesel engine shown in Fig. 48 performs 
the lean operation continuously. 

Next, the exhaust gas purifying method in this 

35 embodiment will be explained with respect to Fig. 49, 

The exhaust gas air-fuel ratio of the exhaust gas flowing 
into the catalysts 8a, 10b, and 10a is made the lean and 
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the rich air-fuel ratios (A/F)L and (A/K)R, alternately 
and repeatedly. To this end, the reducing agent 
injection by the reducing agent injector 120b is stopped 
and the engine 1 performs the lean operation with the 
lean air-fuel ratio (A/F)L, to thereby make the exhaust 
gas air-fuel ratio of the exhaust gas flowing into the 
catalysts 8a, 10b, and 10a equaJ to (A/F]h. The reducing 
agent injector 120c injects the reducing agent and the 
engine 1 performs the lean operation with the lean 
air-fuel ratio (A/F)L, to thereby make the exhaust gas 
air-fuGl ratio of the exhaust gas flowing into the 
catalysts 8a, 10b, and 10a equal to (A/F)R. That is, the 
reducing agent injector 120c injects the reducing agent 
by an amount required to make the exhaust gas air-fuel 
ratio of the exhaust gas flowing into the catalysts 8a, 
10a, and 10b equal to {A/F)R. In this way, the reducing 
agent injection by the injector 120c is operated and 
stopped alternately and repeatedly. 

Note that, in the above-mentioned embodiment, when 
the exhaust gas air-fuel ratio of the exhaust gas flowing 
into the catalysts 8a, 10b, and 10a is to be made equal 
to (A/F)L, the reducing agent injection is stopped while 
the engine 1 performs the lean operation with the lean 
air-fuel ratio (A/F)L. Alternatively, the reducing agent 
25 injector 120c may inject a very small amount of the 
reducing agent and the engine 1 may perform the lean 
operation with the lean air-fuei ratio leaner than 
(A/F)L, to thereby make the exhaust gas air-fuel ratio of 
the exhaust gas flowing into the catalysts 8a, 10b, and 
30 10a equal to {A/F)L. 

Also, a burner may be arranged in the exhaust 
passage upstream of the TW catalyst 8a to consume the 
oxygen existing in the exhaust gas, to thereby make the 
exhaust gas air-fuel ratio rich. 

According to the present invention, it is possible 
to provide a method and a device for purifying an exhaust 
gas of an engine which can purify the exhaust gas 
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sufficiently with a simple striirture. 

While the invention has been described by reference 
to specific embodiments chosen for purposes of 
illustration, it should bo apparent that numerous 
modifications could be made thereto by those skiilerl in 
the art without departing from the basic: concept and 
sccjpe of the invention. 
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CLAIMS 

1- A method for purifying an exhaust qas of an 
engine, comprising, in turn: 

forming an exhaust gas portion of which an 
exhaust gas air-luej ratio is Jean, and an exhaust gas 
portion of which the exhaust gas air-fuel ratio is rich, 
from the exhaust gas of the engine, alternately and 
repeatedly; and 

contacting the exhaust gas portions an NH^ 
synthesizing catalyst and an exhaust gas purifying 
catalyst comprised of at least one selected from the 
group consisted of an NH3 adsorbing and oxidizing 
(NH,-AO) catalyst and a NO, occluding and reducing 
(NO,-OR) catalyst, in turn, the NH, synthesizing catalyst 
15 synthesizing NH3 from at least a part of NO, in the 

inflowing exhaust gas when the exhaust gas air-fuel ratio 
of the inflowing exhaust gas is rich, and passing NO, in 
the inflowing exhaust gas therethrough when the exhaust 
gas air-fuel ratio of the inflowing exhaust gas is lean, 
the NH:j-AO catalyst adsorbing NU^ in the inflowing 
exhaust gas therein, and desorbing the adsorbed NH3 
therefrom and oxidizing the NH^ when an NH3 concentration 
in the inflowing exhaust gas becomes lower, and the 
NO,-OR catalyst occluding NO, in the inflowing exhaust 
25 gas therein when the exhaust gas air-fuel ratio of the 

inflowing exhaust gas is lean, and releasing the occluded 
NO, therefrom and reducing the NO^ when the exhaust gas 
air-fuel ratio of the inflowing exhaust gas is rich. 

2. A method according to claim 1, further 
comprising controlling an engine air-fuel ratio of the 
engine to make the engine air-fuel ratio lean to thereby 
form the exhaust gas portion of which the exhaust gas 
air-fuel ratio is lean, and to make the engine air-fuel 
ratio rich to thereby form the exhaust gas portion of 
which the exhaust gas air-fuel ratio is rich. 
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3. A method according to claim 2, wherein tho 
enqine air-fuel ratio of the engine is made lean for a 
lean period, and the engine air-fuel ratio of the engine 
is made rich for a rich period, and wherein the Jean and 
the rich periods are set in accordance with the engine 
operating condition, respectively. 

4. A method according to claim 3, wherein the 
engine is provided with a plurality of cylinders or 
cylinder groups of which the exhaust stroke periods are 
different to each other, and wherein the lean period is 
set as the number of the cylinders or cylinder groups of 
which the engine air-fuel ratio is to be made lean, and 
the rich period is set as the number of the cylinders or 
cylinder groups of which the engine air-fueL ratjo is to 
be made rich. 

5. A method according to claim 4, wherein the 
number of the cylinders or cylinder groups of which the 
engine air-fuel ratio is to be made lean and the number 
of the cylinders or cylinder groups of which the engine 
air-fuel ratio is to be made rich is set to vary the 
cylinders or cylinder groups of which the engine air-fuel 
ratio is to be made rich in every cycle, the cycle being 
formed by one lean period and one rich period which are 
success ive . 

6. A method according to claim 4, wherein the lean 
and the rich period are controlled in accordance with a 
number ratio which is a ratio of the number of the 
cylinders or cylinder groups of which the engine air- fuel 
ratio is to be made lean to the number of the cylinders 
or cylinder groups of which the engine air-fuel ratio is 
to be made rich, the number ratio being set in accordance 
with the engine operating condition. 

7. A method according to claim 6, wherein the 
number ratio is equal to or larger than the total number 
of the cylinders or cylinder groups of the engine. 

8. A method according to claim 6, wherein the 
number ratio becomes larger as the engine load becomes 
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higher when the engine load as low, and bccon.es smaller 
as the engine load become higher when the engine load ls 
high . 

9. A method according to claim 6, wherein the 
number ratio becomes Jarger as the intake air amount 
becomes larger when the intake air amount is small, and 
becomes smaller as the intake air amount become Jarger 
when the intake air amount is large. 

10. A method according to claim 2, the engine being 
an internal combustion engine of spark ignition type, and 
the method further comprising controlling the ignition 
timing of the engine in accordance with the engine 
air-fuel ratio of the engine. 

11. A method according to claim 1, wherein a 
making-rich device, different from the engine, is 
arranged in the exhaust passage of an engine upstream of 
the NH, synthesizing catalyst for making the exhaust gas 
air-fuel ratio of the exhaust gas of the engine rich, and 
wherein the method further comprises keeping an engine 
air-fuel ratio of the engine lean, and stopping a 
making-rich operation of the making-rich device to 
thereby form the exhaust gas of which the exhaust gas 
air-fuel ratio is lean, and performing the making-rich 
operation of the making-rich device to thereby form the 
exhaust gas of which the exhaust gas air-fuel ratio is 
rich . 

12. A method according to claim 11, wherein the 
making-rich device is provided with: a combustor of 
which an air-fuel ratio is controllable; and an 
introducing passage for introducing the exhaust gas of 
the combustor into the exhaust passage upstream of the 
NH, synthesizing catalyst, and wherein the making-rich 
operation of the making-rich device is performed by 
making an air-fuel ratio of the combustor rich and adding 
the exhaust gas of the combustor to the exhaust gas of 
the engine. 
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13. A method accotdinq to claain 17, wherein tlie 
cornbustor is an auxiliary intcrnaJ combustion engine 
having a crank shaft different from that of the engine. 

14. A method according to claim 12, wherein the 
5 cornbustor is a burner. 

15. A method according to claim 11, wherein the 
making-rich device is provided with a reducing agent- 
injector for feeding a reducing agent into the exhaust 
passage upstream of the NH3 synthesizing catalyst, the 

10 making-rich operation of the reducing agent injector 
being performed by adding the reducing agent to the 
exhaust gas of the engine. 

16. A method according to claim 15, wherein the 
reducing agent is a hydrocarbon such as gasoline, 

15 isooctane, hexane, heptane, gas oil, and kerosene or a 

hydrocarbon which can be stored in a liquid state, such 
as butane or propane. 

17. A method according to claim 1, wherein the 
exhaust gas purifying catalyst is comprised of at least 

20 the NHi-AO catalyst, wherein the method further comprises 

estimating an amount of NH3 adsorbed in the NH,-AO 
catalyst, and wherein the exhaust gas air-fuel ratio of 
the exhaust gas portion to be contacted with the 
catalysts is changed from lean to rich or from rich to 

25 lean in accordance with t.he estimated adsorbed NH3 

amount . 

18. A method according to claim 17, wherein the 
exhaust gas air-fuel ratio of the exhaust gas portion to 
be contacted with the catalysts is changed from rich to 

30 lean when the estimated adsorbed NFlj amount exceeds over 

a predetermined upper threshold. 

19. A method according to claim 17, wherein the 
exhaust gas air-fuel ratio of the exhaust gas portion to 
be contacted with the catalysts is changed from lean to 

35 rich when the estimated adsorbed NH^ amount falls below a 
predetermined lower threshold. 
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20. A method according to claim ]7, wherein the 
adsorbed NH, amount is estimated on the basis of an NH, 
amount flowing xnto the NH,-AO catalyst when the exhaust 
gas air-fueJ ratio of the exhaust qas fJowmg into the 
NH,-AC) catalyst .s rich, and on the basis of the desorbed 
NH, amount when the exhaust gas air-fuel ratio of the 
exhaust gas flowing into the NH,-AO catalyst is lean. 

21- A method according to claim 20, wherein the NH , 
amount flowing into the NH^-AO catalyst is estimated on 
the basis of a NO, amount flowing into the NH, 
synthesizing catalyst and an NH, synthesizing efficiency 
of the NH, synthesizing catalyst. 

22. A method according to claim 1, wherein the 
exhaust gas purifying catalyst is comprised of at least 
the N0,-OR catalyst, wherein the method further comprises 
estimating an amount of NO, occluded in the NO,-OR 
catalyst, and wherein the exhaust gas air-fuel ratio of 
the exhaust gas portion to be contacted with the 
catalysts is changed from lean to rich or from rich to 
lean in accordance with the estimated occluded NO, 
amount . 

23. A method according to claim 22, wherein the 
exhaust gas air-fuel ratio of the exhaust gas portion to 
be contacted with the catalysts is changed from lean to 
rxch when the estimated occluded NO, amount exceeds over 
a predetermined upper threshold. 

24. A method according to claim 22, wherein the 
exhaust gas air-fuel ratio of the exhaust gas portion to 
be contacted with the catalysts is changed from rich to 
lean when the estimated occluded NO, amount falls below a 
predetermined lower threshold. 

25. A method according to claim 22, wherein the 
occluded NO, amount is estimated on the basis of a NO, 
amount flowing into the NO,-OR catalyst when the exhaust 
qas air-fuel ratio of the exhaust gas flowing into the 
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NO, -OR catalyst is lean, and on the basis of the released 
NO, amount when the exhaust gas air-fuel ratio of the 
exhaust gas flowing into the NOy-OR catalyst is rich. 
2r> . A method according to claim 1, wherein the 
5 exhaust gas air-fuel ratio of the exhaust gas portion to 

be contacted with the catalysts is changed from lean to 
rich or from rich to lean in accordance with the engine 
operating condition. 

27. A method according to claim 1, wherein the 

10 exhaust gas air-fuel ratio of the exhaust gas portion to 
be contacted with the catalysts is changed from lean to 
rich or from rich to lean gradually with a changing rate. 

28. A method according to claim 21 , wherein the 
changing rate when the exhaust gas air-fuel ratio of the 

15 exhaust gas portion to be contacted with the catalysts is 
changed from lean to rich is larger than that when the 
exhaust gas air-fuel ratio of the exhaust gas portion to 
be contacted with the catalysts is changed frofn rich to 
lean , 

20 29. A method according to claim 27, wherein the 

changing rate is set in accordance with the engine 
operating condition. 

30. A method according to claim 29; wherein the 
changing rate becomes smaller as the engine load becomes 

25 higher. 

31. A method according to claim 1, wherein the 
exhaust gas air-fuel ratio of the exhaust gas portion is 
set in accordance with the engine operating condition. 

32. A method according to claim 31, wherein the 

30 exhaust gas air-fuel ratio of the exhaust gas portion of 
which the exhaust gas air-fuel ratio is lean becomes 
larger as the engine load becomes higher when the engine 
load is low, and becomes smaller as the engine load 
becomes higher when the engine load is high, 

35 33. A method according to claim 31, wherein the 

exhaust gas air-fuel ratio of the exhaust gas portion of 
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which the exhaust gas air-fuel ratio is r.ch becomes 
smaller when the .ntake air amount of the engine becomes 
larger . 

34. A method according to claim 1, wherein the 
5 exhaust gas atr-fuel rat.o of one of the exhaust gas 

portions is set in accordance with the exhaust gas 
air-fuel ratio of the other. 

35. A method according to claim 1, wherein a period 
during which the exhaust gas portion of which the exhaust 

10 gas a.r-fuel ratio is lean is forced, xs longer than that 
during which the exhaust gas portion of whxch the exhaust 
gas arr-fuel ratio is rich is formed. 

36. A method according to claim 1, wherein the 
exhaust gas air-fuel ratio of the exhaust gas portion to 
be contacted with the catalysts is made equal to a target 
air-fuel ratio on the basis of output signals of an 
air-fuol ratio sensor arranged in an exhaust passage of 
the engine adjacent to an inlet of the NH3 synthesizing 
catalyst . 

37. A method according to claim 1, the engine 
further having a muffler arranged in an exhaust passage 
thereof, wherein the exhaust gas purifying catalyst is 
comprised of at least the NH,-ao catalyst, and wherein 
the NH3-AO catalyst is housed in the muffler. 

38. A method according to claim 1, wherein the 
exhaust gas purifying catalyst is comprised of at least 
the NO.-OR catalyst, and wherein the NH3 synthesizing 
catalyst and the NO.-OR catalyst are carried on a common 
substrate . 

^° 39. A method according to claim 1, wherein the 

exhaust gas purifying catalyst is comprised of both of 
the NH3-AO catalyst and the N0,-OR catalyst, and wherein 
the NH,-AO catalyst and the NO,-OR catalyst are arranged 
in an exhaust passage of the engine, in series. 

40. A method according to claim 39, wherein the 
NH3-AO catalyst is arranged in the exhaust passage 
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downstream of the NO^-OR catalyst. 

41. A method accordinq to claim 1, wherein the 
exhaust gas purifying catalyst is comprised of both of 
the NHt-AO catalyst and the NOx-OR catalyst, and wherein 
the NHi-AO catalyst and the NO,-OR catalyst are laminated 
to each other on a common substrate. 



synthesizing catalyst is a three-way catalyst including 
at least one precious metal such as palladium, platinum, 
and rhodiuin. 

43. A method according to claim 1, wherein the 
NO^-OR catalyst includes: at least one substance 
selected from alkali metals such as potassium, sodium, 
lithium, and cesium, alkali earth metals such as barium 
and calcium, rare earth metals such as lanthanum and 
yttrium, and transition metals such as iron and copper; 
and precious metals such as palladium, platinum, and 
rhodium . 

44. A method according to claim 1, further 
comprising contacting the exhaust gas portions an NH^ 
purifying catalyst for purifying NHj in the inflowing 
exhaust gas, after contacting the exhaust gas portions 
the exhaust gas purifying catalyst. 

45. A method according to claim 44, wherein the NH, 
purifying catalyst includes at least one substance 
selected from precious metals such as palladium, 
platinum, and rhodium, and transition metals such as iron 
and copper. 

46. A method according to claim 44, the NH3 
purifying catalyst purifying NHj under the oxidizing 
atmosphere, wherein the method further comprises keeping 
the exhaust gas air-fuel ratio of the exhaust gas flowing 
into the NH3 purifying catalyst lean. 

47. A device for purifying an exhaust gas of an 
engine having an exhaust passage, comprising: 



42. A method according to claim 1, wherein the NH 
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exhaust gas portion forminq means aridnged 
in the engine or the exhaust passage for forming an 
exhaust gas portion of which an exhaust gas air-fuel 
ratio is lean, and an exhaust gas [)ortion of which the 
exhaust gas air-fuel ratio is rich, from the exhaust gas 
of the engine, alternately and repeatedly; 

an NH, synthesizing catalyst arranged in 
the exhaust passage downstream of the exhaust gas portion 
forming means, the NH, synthesizing catalyst synthesizing 
NH, from at least a part of NO, in the inflowing exhaust 
gas when the exhaust gas air-fuel ratio of the inflowing 
exhaust gas is rich, and passing NO, in the inflowing 
exhaust gas therethrough when the exhaust gas air-fuel 
ratio of the inflowing exhaust gas is lean; and 

an exhaust gas purifying catalyst arranged 
in the exhaust passage downstream of the NH, synthesizing 
catalyst, the exhaust gas purifying catalyst comprising 
at least one selected from the group consisting of an NH3 
adsorbing and oxidizing (NH3-AO) catalyst and a NO, 
occluding and reducing (NO^-OR) catalyst, the NH3-AO 
catalyst adsorbing NHj in the inflowing exhaust gas 
therein, and desorbing the adsorbed NH3 therefrom and 
oxidizing the NH3 when the NH3 concentration in the 
inflowing exhaust gas becomes lower, and the NO^-OR 
25 catalyst occluding NO, in the inflowing exhaust gas 

therein when the exhaust gas air-fuel ratio of the 
inflowing exhaust gas is lean, and releasing the occluded 
NO, therefrom and reducing the NO, when the exhaust gas 
air-fuGl ratio of the inflowing exhaust gas is rich. 

48. A device according to claim 47, wherein the 
exhaust gas portion forming means comprises an engine 
air-fuel ratio control means for controlling an engine 
air-fuel ratio of the engine to make the engine air-fuel 
ratio lean to thereby form the exhaust gas portion of 
which the exhaust gas air-fuel ratio is lean, and to make 
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the engine air-fuel ratio rich to thereby form the 
exhaust gas portion of which the exhaust gas air-fueJ 
ratio is rich. 

49. A device according to ciaim 48, wherein the 
5 engine air-fuel ratio control means makes the engine air- 

fuel ratio lean for a lean period, and makes the engine 
air-fuel ratio rich for a rich period, and wherein the 
lean and the rich periods are set in accordance with the 
engine operating condition, respectively. 

10 50. A device according to claim 49, wherein the 

engine is provided with a plurality of cylinders or 
cylinder groups of which the exhaust stroke periods are 
different to each other, and wherein the lean period is 
set as the number of the cylinders or cylinder groups of 

lb which the engine air-fuel ratio is to be made lean, and 
the rich period is set as the number of the cylinders or 
cylinder groups of which the engine air-fuel ratio is to 
be made rich. 

51. A device according to claim 50, wherein the 
20 number of the cylinders or cylinder groups of which the 

engine air-fuel ratio is to be made lean and the number 
of the cylinders or cylinder groups of which the engine 
air-fuel ratio is to be made rich are set to vary the 
cylinders or cylinder groups of which the engine air-fuel 
25 ratio is to be made rich in every cycle, the cycle being 

formed by one lean period and one rich period which are 
success ive . 

52. A device according to claim 50, wherein the 
lean and the rich period are controlled in accordance 

30 with a number ratio which is a ratio of the number of the 

cylinders or cylinder groups of which the engine air-fuel 
ratio is to be made lean to the number of the cylinders 
or cylinder groups of which the engine air-fuel ratio is 
to be made rich, the number ratio being set in accordance 

35 with the engine operating condition. 

53. A device according to claim 52, wherein the 
number ratio is equal to or larger than the total number 
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of the cylinders or cylinder groups ot the engine. 

54. A device according to ciaim b2 , wherein the 
number ratio becomes larger as the engine load becomes 
higher when the engine load is low, and becomes smaller 
as the engine load become higher when the engine load is 
high . 

55. A device according to claim 52, wherein the 
number ratio becomes larger as the intake air amount 
becomes larger when the intake air amount is small, and 
becomes smaller as the intake air amount become larger 
when the intake air amount is large. 

56. A device according to claim 48, the engine 
being an internal combustion engine of spark ignition 
type, and the device further comprising ignition timing 
control means for controlling the ignition timing of the 
engine in accordance with the engine air-fuel ratio of 
the engine. 

57. A device according to claim 47, wherein the 
exhaust gas portion forming means comprises making-rich 
means, different from the engine, arranged in the exhaust 
passage upstream of the NH^ synthesizing catalyst for 
making the exhaust gas air-fuel ratio of the exhaust gas 
of the engine rich, and keeping means for keeping the 
engine air-fuel ratio of the engine iean, and wherein the 
making-rich means stops a making-rich operation thereof 
to thereby form the exhaust gas of which the exhaust gas 
air-fuel ratio is lean, and performs the making-rich 
operation thereof to thereby form the exhaust gas of 
which the exhaust gas air-fuel ratio is rich. 

58, A device according to claim 57, wherein the 
making-rich means comprises: a combustor of which an 
air-fuGl ratio is controllable; and an introducing 
passage for introducing the exhaust gas of the combustor 
into the exhaust passage upstream of the NH, synthesizing 
catalyst, and wherein the making-rich means performs the 
making-rich operation thereof by making an air-fuel ratio 
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of the combustnr rich and adding the exhaust gas of tho 
combustor to the exhaust gas of the engine. 

59. A device according to claim 58, wherein the 
combustor is an auxiliary internal combustion engine 
5 having a crank shaft different from that of the engine. 

50. A device according to claim 58, wherein the 
combustor is a burner. 

61. A device according to claim 57, wherein the 
making-rich means comprises a reducing agent injector for 
10 feeding a reducing agent into the exhaust passage 

upstream of the NH^ synthesizing catalyst, the reducing 
agent injector performing the making-rich operation 
thereof by adding the reducing agent to the exhaust gas 
of the engine. 

15 62. A device according to claim 61, wherein the 

reducing agent is a hydrocarbon such as gasoline, 
isooctane, hexane, heptane, gas oil, and kerosene or a 
hydrocarbon which can be stored in a liquid state, such 
as butane or propane. 

20 63. A device according to claim 47, wherein the 

exhaust gas purifying catalyst comprises at least the 
NHi-AO catalyst, wherein the device further comprises 
adsorbed NH^ amount estimating means for estimating an 
amount of NH^ adsorbed in the NH3-AO catalyst, and 

25 wherein the exhaust gas portion forming means changes the 
exhaust gas air-fuel ratio of the exhaust gas portion 
formed thereby from lean to rich or from rich to lean in 
accordance with the estimated adsorbed NHj amount. 

64. A device according to claim 63, wherein the 

30 exhaust gas portion forming means changes the exhaust gas 
air-fuel ratio of the exhaust gas portion formed thereby 
from rich to lean when the estimated adsorbed NHj amount 
exceeds a predetermined upper threshold. 

65. A device according to claim 63, wherein the 

35 exhaust gas portion forming means changes the exhaust gas 
air-fuel ratio of the exhaust gas portion formed thereby 
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from lean to rich when the estimated adsorbed NH, amount 
falls below a predetermined lower threshold. 

66. A device according to claiin 63, wherein the 
adsorbed NH, amount estimating means estimates the 
adsorbed NH, amount on the basis of an NH, amount flowing 
into the NH,-AO catalyst when the exhaust gas air-fuel 
ratio of the exhaust gas flowing into the NH,-AO catalyst 
is rich, and on the basis of the desorbed NH^ amount when 
the exhaust gas air-fuel ratio of the exhaust gas flowing 
into the NH3-AO catalyst is lean. 

67. A device according to claim 66, wherein the 
adsorbed NH, amount estimating means estimates the NH, 
amount flowing into the NH,-AO catalyst on the basis of a 
NO, amount flowing into the NH^ synthesizing catalyst and 
an NH3 synthesizing efficiency of the NH3 synthesizing 
catalyst . 

6B. A device according to claim 47, wherein the 
exhaust gas purifying catalyst comprises at least the 
NO,-OR catalyst, wherein the device further comprises 
occluded NO, amount estimating means for estimating an 
amount of NO, occluded in the NO,-OR catalyst, and 
wherein the exhaust gas portion forming means changes the 
exhaust gas air-fuel ratio of the exhaust gas portion 
formed thereby from lean to rich or from rich to lean in 
25 accordance with the estimated occluded NO, amount. 

69. A device according to claim 68, wherein the 
exhaust gas portion forming means changes the exhaust gas 
air-fuel ratio of the exhaust gas portion formed thereby 
from lean to rich when the estimated occluded NO, amount 

30 exceeds a predetermined upper threshold. 

70. A device according to claim 68, wherein the 
exhaust gas portion forming means changes the exhaust gas 
air-fuel ratio of the exhaust gas portion formed thereby 
from rich to lean when the estimated occluded NO, amount 

35 falls below a predetermined lower threshold. 
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71. A device according to claim 6B, wherein the 
occluded NO^, amount estimating means estimates the 
occluded NO^ amount cii the basis of a NO^ amount flowing 
ante the NO,-[)R catalyst when the exhaust gas air-fuel 
5 ratio ot the exhaust gas flowing into the NO^-OR catalyst 

is lean, and on the basis of the released NO^ amount when 
the exhaust gas air-fuel ratio of the exhaust gas flowing 
into the NO^-OR catalyst is rich. 

17. A device according to claim 47, wherein the 
10 exhaust gas portion forming means changes the exhaust gas 

air-fuel ratio of the exhaust gas portion formed thereby 
from lean to rich or from rich to lean in accordance with 
the engine operating condition. 

73. A device according to claim 47, wherein the 

15 exhaust gas portion forming means changes the exhaust gas 
air-fuel ratio of the exhaust gas portion formed thereby 
from lean to rich or from rich to lean gradually with a 
changing rate. 

74. A device according to claim 73, wherein the 

20 changing rate when the exhaust gas portion forming means 
changes the exhaust gas air-fuel ratio of the exhaust gas 
portion formed thereby from lean to rich is larger than 
that when the exhaust gas portion forming means changes 
the exhaust gas air-fuel ratio of the exhaust gas portion 

25 formed thereby from rich to lean. 

75. A device according to claim 73, wherein the 
changing rate is set in accordance with the engine 
operating condition. 

76. A device according to claim 75, wherein the 

30 changing rate becomes smaller as the engine load becomes 
higher . 

77. A device according to claim 47, wherein the 
exhaust gas air-fuel ratio of the exhaust gas portion is 
set in accordance with the engine operating condition. 

35 78. A device according to claim 77, wherein the 

exhaust gas air-fuel ratio of the exhaust gas portion of 
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which the exhaust gas air-fuel ratio is Jean beromPK 
larger as the engine load becomes higher when the engine 
load is low, and becomes smaller as the engine load 
becomes higher when the engine load is high. 
5 79. A device according to claim 77, wherein the 

exhaust gas atr-fuel ratio of the exhaust gas portion of 
which the exhaust gas air-fuel ratio is rich becomes 
smaller when the intake air amount of the engine becomes 
larger . 

80. A device according to claim 47, wherein the 
exhaust gas air-fuel ratio of one of the exhaust gas 
portions is set in accordance with the exhaust gas 
air-fuei ratio of the other. 

81. A device according to claim 47, wherein a 

15 period during which the exhaust gas portion forming means 

forms the exhaust gas portion of which the exhaust gas 
air-fuel ratio is lean is longer than that during which 
the exhaust gas portion forming means forms the exhaust 
gas portion of which the exhaust gas air-fuel ratio is 

20 rich. 

82. A device according to claim 47, further 
comprising an air-fuel ratio sensor arranged in the 
exhaust passage between the exhaust gas portion forming 
means and the NHi synthesizing catalyst, and wherein the 

25 exhaust gas portion forming means makes the exhaust gas 
air-fuel ratio the exhaust gas portions formed thereby 
equal to a target air-fuei ratio on the basis of the 
output signals of the air-fuel ratio sensor. 

83. A device according to claim 47, the engine 
further having a muffler arranged in the exhaust passage, 
wherein the exhaust gas purifying catalyst comprises at 
least the NH3-AO catalyst, and wherein the NH,-AO 
catalyst is housed in the muffler. 

84. A device according to claim 47, wherein the 
35 exhaust gas purifying catalyst comprises at least the 

NO, -OR catalyst, and wherein the NH^ synthesizing 
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catalyst and the N0,-OH cataiyst are carried on a common 
substrate . 

85. A deviro according to claim 47, whe?rein the 
exhaust gas purifying catalyst comprises both of the 

5 NHt-AO catalyst and the NO, -OR catalyst, and wherein the 
NHt-AO catalyst and the NO^-OR catalyst are arranged in 
the exhaust passage in series, 

86. A device according to claim 85, wherein the 
NHi-AO catalyst is arranged in the exhaust passage 

10 downstream of the NO^-OR catalyst . 

87. A device according to claim 47, wherein the 
exhaust gas purifying catalyst comprises both of the 
NHi-AO catalyst and the NO^-OR catalyst, and wherein the 
NH,-AO catalyst and the NO^-OR catalyst are laminated to 

15 each other on a common substrate. 

88. A device according to claim 47, wherein the NH3 
synthesizing catalyst is a three-way catalyst including 
at least one precious metal such as palladium, platinum, 
and rhodium, 

20 89 . A device according to claim 47, wherein the 

NO^OR catalyst includes: at least one substance selected 
from alkali metals such as potassium, sodium, lithium, 
and cesium, alkali earth metals such as barium and 
calcium, rare earth metals such as lanthanum and yttrium, 

25 and transition metals such as iron and copper; and 

precious metals such as palladium, platinum, and rhodium. 

90- A device according to claim 47, further 
comprising an NH3 purifying catalyst arranged downstream 
of the exhaust gas purifying catalyst for purifying NH3 

30 in the inflowing exhaust gas. 

91. A device according to claim 90, wherein the NH3 
purifying catalyst includes at least one substance 
selected from precious metals such as palladium, 
platinum, and rhodium, and transition metals such as iron 

35 and copper. 
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92. A device accordiny to claim 90, the NH, 
purifying catalyst purifying NH, under the oxidizing 
atmosphere, wherein the device further comprises keeping- 
lean means arranged in the exhaust passage between the 
exhaust gas purifying catalyst and the NH, purifying 
catalyst for keeping the exhaust gas air-fuel ratio of 
the exhaust gas flowing into the NH, purifying catalyst 
lean . 
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